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1.0  EXECUTIVE  SUMMARY 


ManTech  has  been  involved  with  image  processing  research  since  1992,  focusing  on  legacy  data 
conversion  issues.  Our  previous  work  has  benefited  this  effort,  allowing  the  team  unique  insight 
in  problems  faced  by  this  project.  ManTech  utilizes  a  process  that  allows  for  a  fertile  research 
environment  while  maximizing  effort  toward  individual  research  areas.  The  process  consists  of 
identifying  small  areas  of  research  within  the  larger  project,  and  forming  research  teams  to 
address  these  pockets.  Typically,  a  single  pocket  of  research  will  be  studied  by  two  or  more 
teams,  allowing  multiple  approaches  for  a  given  solution.  These  multiple  solutions  build  a  layer 
of  redundancy  into  the  system  providing  robust  performance.  This  approach  has  produced 
several  algorithms  to  be  identified  and  evaluated  in  a  relativity  short  time  span. 

The  conversion  of  troubleshooting  information  is  a  formidable  problem,  for  the  Navy  and  the 
Department  of  Defense  (DoD).  The  work  described  within  this  final  report  provides  some 
insight  into  possible  technologies  and  their  contributions  to  a  conversion  system.  ManTech  has 
been  under  contract  with  the  West  Virginia  High  Technology  Consortium  Foundation 
(WVHTCF),  to  research  and  develop  algorithms  that  can  be  utilized  to  convert  troubleshooting 
information  for  use  within  Interactive  Electronic  Technical  Manuals  (IETM).  On  May  22,  1997, 
ManTech  demonstrated  the  initial  results  from  Phase  1  and  received  an  excellent  review  from  the 
Navy  representatives  in  attendance.  This  document  provides  a  detailed  description  of  the  efforts 
performed  to  date  in  support  of  the  Automated  Conversion  of  Troubleshooting  Information 
(ACTI)  project. 

This  document  consists  of  four  major  sections  (Executive  Summary,  Phase  I  Project  Objectives 
and  Approach,  Survey  Findings,  Technical  Summary,  and  Appendixes  A  and  B.  The  Phase  I 
objectives  and  approach  provide  a  brief  description  of  the  objectives  and  how  they  relate  to  the 
various  areas  documented  in  the  technical  summary.  This  section  is  provided  to  give  the  reader 
an  overview  of  how  the  various  areas  of  research  relate  and  how  the  knowledge  captured  within 
the  image  data  is  represented  within  the  MIL-D-87269  database. 

The  results  of  an  initial  survey  are  represented  within  Section  3.0.  Details  describing  the  various 
troubleshooting  formats  identified  are  clarified  in  detail.  Section  4.0  provides  the  research 
findings  and  details  algorithms  developed  under  this  effort.  The  various  appendices  support  the 
survey  findings  and  the  technical  summaries. 

ManTech  would  like  to  thank  the  WVHTCF  for  their  support  throughout  the  ACTI  project. 
Additionally,  ManTech  would  like  to  thank  the  Office  of  Naval  Research  (ONR)  and  Naval 
Surface  Warfare  Center  Carderock  Division  (NSWC-CD)  for  their  efforts  in  supporting  the 
ACTI  project.  ManTech  would  also  like  to  thank  the  Naval  Aviation  Depot  North  Island 
(NADEPNI)  for  providing  initial  manual  sets  from  which  we  based  the  majority  of  the  survey 
findings. 
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2.0  PHASE  I  PROJECT  OBJECTIVES  AND  APPROACH 

Phase  I  consists  of  two  major  tasks:  the  discovery  process,  and  researching  processing  and 
conversion  issues.  These  tasks  are  discussed  in  detail  in  the  "Research  Finding"  section  of  this 
report.  This  section  provides  a  brief  introduction  to  the  objectives  of  the  major  task  and  a 
general  approach  to  the  development  of  algorithms  supporting  possible  solutions. 

2.1  Discovery  Process 

One  of  the  difficulties  associated  with  the  conversion  of  paper-based  troubleshooting 
information  is  that  the  troubleshooting  data  can  appear  in  a  variety  of  distinct  functional  and 
visual  formats.  Therefore,  as  a  prelude  to  construction  of  processing  algorithms,  we  conduct  a 
discovery  process  (or  survey)  with  the  goal  of  identifying,  quantitatively,  the  most  common 
types  of  troubleshooting  information  within  technical  manuals.  ManTech’s  approach  to  the 
survey  was  to  examine  several  different  manuals  across  a  large  number  of  programs  and 
manufactures.  From  previous  surveys  conducted  in  previous  projects,  ManTech  has  found  that 
the  representation  of  information  within  a  technical  manual  varies  greatly.  This  variance  in 
information  representation  within  Technical  Manuals  (TM)  drives  the  need  for  a  comprehensive 
survey. 

The  ManTech  survey  consists  of  roughly  13,500  pages  of  examples.  Programs  that  these 
manuals  originated  from  are  the  FI  8,  E-2C,  RSTS,  and  S-3  programs.  The  F-18  program  is 
supported  by  a  number  of  different  contractors.  The  prime  contractor  for  the  F/A-18  and  the 
manufacturer  of  the  forward  fuselage  and  wings  is  McDonnell  Douglas  Aerospace  of  St.  Louis, 
Missouri.  The  center  and  aft  fuselage  is  built  by  Northrop  Grumman  Corporation  of  Los 
Angeles,  California.  The  engines  are  made  by  General  Electric  Aircraft  Engines  of  Lynn, 
Massachusetts,  and  the  radar  is  manufactured  by  Hughes  Aircraft  Company  of  Los  Angeles. 
The  E-2C  Hawkeye  is  the  Navy's  all-weather,  carrier-based  tactical  warning  and  control  system 
aircraft,  supported  by  Grumman  Aerospace  Corp.  The  S-3  aircraft  is  used  to  hunt  and  destroy 
enemy  submarines  and  provide  surveillance  of  surface  shipping.  The  ES-3  version  is  fitted  for 
electronic  warfare  and  reconnaissance;  the  prime  contractor  is  Lockheed-Califomia  Company. 
These  three  systems  encompass  six  different  major  manufacturers  providing  a  good  sampling  of 
data. 

ManTech  found  that  the  majority  of  troubleshooting  information  in  these  technical  manuals  was 
contained  in  tables.  Other  formats  that  were  also  prominent  within  these  manuals  were 
graphical  and  schematic  information.  Decision  trees  however  represented  approximately  six 
percent  of  the  surveyed  data.  This  was  less  than  initially  thought  and  ManTech  plans  to  survey 
additional  manuals  throughout  the  duration  of  this  work. 

2.2  Research  Areas  of  Processing  and  Conversion 

ManTech  utilized  an  approach  that  has  proven  successful  in  past  research  and  development 
efforts  to  accomplish  the  objectives  of  the  ACTI  project.  The  main  objective  of  the  ACTI 
project  is  to  identify  technologies  that  can  be  utilized  as  conversion  resources,  when  developing 
a  prototype  system  for  converting  troubleshooting  information.  The  following  subsections  are  a 
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brief  description  of  how  the  existing  and  ManTech  developed  algorithms  can  be  configured  to 
form  a  conversion  system  capable  of  converting  troubleshooting  information. 

The  first  issue  that  must  be  addressed  in  conversion  is  a  system’s  ability  to  delineate  between 
purely  textual  items  and  graphical  items.  Troubleshooting  information  often  utilizes  both  textual 
and  graphical  information  in  combination  to  convey  related  information.  The  ability  to 
delineate  between  textual  items  and  graphical  items  is  hence  highly  desirable  when  converting 
troubleshooting  information.  As  found  in  the  past,  commercial  products  are  focused  on  the 
separation  of  text  from  an  image  of  a  standard  printed  page.  These  market  pressures  do  not  lend 
themselves  to  the  unique  realm  of  troubleshooting  information.  Thus,  ManTech  must  provide  a 
better  approach  to  separation  in  order  to  provide  a  viable  prototype.  The  text  separation 
information  (in  Section  4.0)  of  this  document  provides  a  detailed  description  of  the  effort. 

Past  recognition  projects  have  indicated  that  a  large  percentage  of  the  operator’s  time  is  spent 
verifying  that  the  text  is  correct.  As  much  as  50%  of  the  total  touch  time  thus  cost,  in  past 
efforts  have  been  involved  with  text  validation.  To  compound  this  problem,  OCR  en<rines  are 
not  designed  for  random  page  layouts.  The  market  of  OCR  engines  is  centered  on  pages  that  are 
of  standard  row  column  orientation;  thus,  the  engines  are  tuned  for  maximum  performance  in 
these  instances.  This  tuning  of  the  recognition  engine  provided  an  opposite  effect  as  the  image 
varied  from  this  standard  layout.  Thus,  the  need  to  identify  an  OCR  tool  that  will  minimize  the 
operator’s  text  QA  burden  in  a  prototype  system  had  to  be  addressed  in  this  initial  phase.  A 
detailed  description  of  the  process  and  criteria  for  the  OCR  engine  selection  is  stated  in 
Section  4.0  of  this  document. 

Through  the  survey  results,  ManTech  identified  the  need  to  identify  troubleshooting  information 
m  a  number  of  formats.  Predominate  formats  within  the  survey  are  tables  and  flow  diagrams 
The  approach  to  identification  of  these  tables  and  flow  diagrams  requires  multifaceted 
algorithms  that  can  provided  robustness  across  a  large  population  of  data.  The  approach  taken 
is  to  break  the  tables  and  flow  diagrams  down  into  their  fundamental  components.  For  example, 
a  table  consists  of  textual  elements  and  graphical  elements,  in  addition  to  the  spatial  information 
that  relates  the  various  textual  and  graphical  items.  Section  4.0  describes  various  approaches  to 
this  task.  The  recognition  of  the  graphical  element  from  within  the  vector  space  is  discussed 
within  Sections  4.3  and  4.4,  The  text  items  are  produced  as  a  result  of  the  OCR  processing 
described  in  Section  4.2.  The  spatial  information  is  utilized  to  future  define  the  layout  of  the 
information  and  to  determine  various  relationships  within  the  table  of  flow  diagram.  This 
spatial  information  processing  is  described  in  Section  4.5.  " 

“ihty  IETM  data  is  often  defined  by  its  support  hype  links  between  related  items  within 
the  IETM  data.  Linkages  can  span  all  types  of  data  (textual,  graphical,  IPB,  etc.,).  A  conversion 
system  must  be  able  to  capture  this  information  across  all  types  of  data.  These  linkages  can  be 
either  explicate  or  implicates;  the  identification  of  these  linkages  is  discussed  in  Sections  4  6 
through  4.9.  These  sections  detail  the  use  of  natural  language  processing  techniques  as  they 
apply  to  the  conversion  of  troubleshooting  information. 
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At  the  heart  of  IETM  conversion  systems  sits  a  MIL-D-87269  database  implementation.  From 
past  work  with  this  military  standard  it  has  been  apparent  that  there  are  inherent  problems  due  to 
the  lack  of  specificity  or  loose  specifications.  This  is  not  new  to  ManTech  and  our  solution  is  to 
develop  an  export  capability  for  the  predominate  tools  available  today.  ManTech  has  elected  to 
support  export  capabilities  to  both  Advanced  Integrated  Maintenance  Support  System  (AIMSS) 
and  the  existing  Graphics  Conversion  System  (GCS)  technologies.  A  complete  description  of 
our  MIL-D-87269  implementation  is  detailed  within  Section  4. 1 2  “Database  Advancements.” 

Some  general  utilities  have  been  developed  to  support  this  effort.  A  description  of  these  are 
included,  with  details  describing  their  possible  usage  in  a  prototype  conversion  system  and  its 
various  components. 
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3.0  SURVEY  FINDINGS 

A  survey  was  conducted  of  all  technical  manuals  provided  by  Naval  Aviation  Depot  North 
Island.  This  manual  set  included  35  manuals  from  the  FI  8,  E-2C,  RSTS,  and  ES-3  programs, 
containing  over  1 3,500  pages  of  troubleshooting  information. 

This  survey  however,  should  not  be  considered  complete.  The  survey  was  heavily  weighted 
toward  data  contained  within  the  FI  8  manuals,  as  24  of  the  35  manuals  provided  by  NADEPNI 
were  FI  8  manuals.  We  expected  to  receive  at  least  106  additional  manuals,  but  at  present,  these 
manuals  have  not  yet  arrived. 

We  used  the  survey  as  a  tool  to  gain  a  comprehensive  understanding  of  the  information 
contained  within  troubleshooting  manuals.  We  were  able  to  categorize  types  of  information  into 
common  groups  and  identify  which  areas  to  target  in  order  to  gain  the  maximum  benefit  from 
the  initial  research  and  development  efforts. 

The  initial  results  to  the  survey  are  shown  in  Table  3.0-1  with  examples  of  each  survey  category 
given  in  Appendix  A. 
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Table  3.0-1  Survey  Results 
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In  Table  3.0-1,  the  categories  P/N/R,  P/N/R/G,  P/N/Y,  P/F/A,  S/P/R,  S/P/R/G,  MC/FC,  and  TBL 
were  all  categories  of  troubleshooting  information  contained  in  a  table  form  of  one  kind  or 
another.  (See  Appendix  A.)  This  accounted  for  8,454,  or  62.5%  of  the  troubleshooting 
information  surveyed.  Of  course,  nearly  all  of  the  procedural  information  presented  in  the 
troubleshooting  manuals  was  in  text  form,  whether  it  was  text  contained  within  a  table,  decision 
tree,  or  text  in  paragraph  or  outline  form.  So,  using  the  information  gained  from  the  survey  we 
identified  a  need  to  focus  on  a  few  defined  areas  such  as  text  segmentation,  text  recognition, 
table  recognition,  flow  diagram  recognition,  and  of  course,  implementing  an  87269  compliant 
database  in  order  to  store  all  of  the  extracted  information. 
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4.0  TECHNICAL  SUMMARY 

The  following  sections  detail  research  efforts  in  support  of  the  ACTI  project. 

4.1  Text  Separation 

Generating  accurate  results  from  the  Optical  Character  Recognition  (OCR)  engine  is  an  essential 
component  in  creating  a  usable  conversion  system.  Currently  the  OCR  technology  performs 
adequately  when  given  a  full  page  of  text  without  graphics  to  confuse  it;  however,  with  a  large 
amount  of  graphical  objects  on  the  page  the  performance  drops  dramatically.  OCR  engines  are 
tuned  to  perform  well  on  full  text  pages,  which  represents  a  majority  of  the  pages  processed  by 
their  users.  However,  technical  manuals  have  many  pages  containing  graphical  objects.  These 
objects  include,  flow  diagrams,  line  art,  table  grids,  revision  symbols  and  more.  In  order  to 
process  technical  manuals  properly  a  method  of  increasing  the  accuracy  of  the  OCR  when 
confronted  with  graphics  is  needed. 


The  approach  taken  to  solve  this  problem  was  to  perform  preprocessing  of  the  image  before 
sending  it  to  the  OCR  engine.  The  purpose  of  preprocessing  is  to  separate  the  graphical  objects 
from  the  text  objects.  The  objective  is  to  eliminate  the  graphical  objects  while  retaining  100% 
of  the  text  objects.  Currently,  Blob  Analysis  is  the  method  used  to  perform  this  preprocessing. 

Obviously,  there  has  not  been  a  system  developed  to  date  that  will  separate  text  and  graphics 
with  100%  accuracy.  If  this  were  the  case,  the  OCR  engines  would  incorporate  it  and  see 
increased  performance.  The  perfect  separation  of  text  and  graphics  is  difficult  because  a  small 
portion  of  the  graphic  objects  have  very  similar  characteristics  to  text  objects  and  cannot  easily 
be  distinguished  from  the  text  objects.  In  order  to  eliminate  these  graphic  objects,  some  of  the 
text  objects  would  also  have  to  be  removed  from  the  candidate  list.  Over-classification  is  used 
to  overcome  this  problem.  The  graphic  objects  that  have  text-like  characteristics  are  not 
removed  from  the  candidate  list  and  the  OCR  engine  is  relied  upon  to  remove  these  remaining 
objects.  ° 


Figure  4.1-1  shows  an  example  flow  diagram  page  from  a  technical  manual.  Figure  4. 1  -2  shows 
the  results  of  performing  the  separation  preprocessing  on  Figure  4.1-1.  The  top  window  pane 

shows  what  has  been  identified  as  text  while  the  bottom  pane  shows  what  has  been  removed  as  a 
graphical  object. 
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•  Open  and  tag  L  PRI  CONT  LGC 
ASSY  circuit  breaker,  and  dis¬ 
connect  P464  plug  connector 

Irom  left  CLA. 

•  Check  for  28  Vdc  at  pin  20  of 

P*ug  connector  while  hold¬ 
ing  both  ground  actuation 
switches  to  EXTEND. 

A  VPfiiw  9R  \/H  e'  r\r>  nirtr  I  O  j 

-YES-J 

Troubleshoot  left  CLA  (NAVAIR 
01S3AAA  2-3  1 1  WP  008  00). 

w  v rfi 1 1 y  zo  vac  on  pms  iband 

19  while  holding  MAD  BOOM 
CONTROL  switch  at  fliqht  sta¬ 
tion  to  EXTEND. 

28  Vdc? 

[bc] 


NO 

_L 


Loosen  S2  switch  to  expose  ter 
minals,  and  check  (or  28  Vdc  at 
pin  5  and  pin  6,  while  holding 
both  ground  actuation  switches 
to  EXTEND. 

28  Vdc? 


Kyes- 


Troubleshoot  aircraft  wiring 
(NAVAIR  01  -S3AA  A-2-5. 1  SWP 
003  08). 


NO 


M 


Replace  S2  switch  if  28  Vdc  is  not 
present  at  pin  6  (NAVAIR  01- 
S3AAA-2-4.2  SWP  018  05)  or 
troubleshoot  aircraft  wiring  if  28 
Vdc  is  not  present  at  pin  5  (NAV 
AIR  01  S3AAA  2-5.1  SWP  003 
08). 


Verify  that  emergency  inertia 
brake  is  not  engaging  boom  rail, 
and  that  reset  button  indicates 
a  nonactuation  condition. 


Is  emergency  inertia  brake 
activated? 


•  Verify  that  clear- 

•  Verify  that 

ance  of  rollers 

actuator  cable 

and  reinforcing 

tension  is 

rail  doublers  at 

correct  (NA 

forward  end  of 

VAIR  01 

MAD  boom 

S3AAA-24.2 

rails  is  correct 

SWP  018  02). 

in  a  fully  ex 

•  Verify  that 

tended  mode 

roller  is  not 

(NAVAIR  01 
S3AAA  2-4.2 

jammed. 

SWP  018  03). 

•  Verify  that 

roller  track  is 

not  damaged. 

HYES- 


Reset  or  replace  emergency 
inertia  brake  (NAVAIR 
01  S3AAA-2  4.2  SWP  018  04) 


NO 

[BO] 


S3A2-3.2{3)  1002(4) 


Figure  2.  MAD  Boom  System  Troubleshooting  Diagram  (Sheet  4) 


Figure  4.1-1  Example  Flow  Diagram  Page 
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"rOLt:  otoi'jt  Cl.  A  :\AVA|3 
01  S3AAA  2  3.1  WF  COB  00 > 


28  Vex? 
NO 


Figure  4.1-2  Flow  Diagram  After  Text  Separation 


it  is  not  enough  to  remove  the  graphics  from  the  page  and  then  send  it  to  the  OCR  engine.  If  the 
entire  page  is  processed  "as  is,"  the  OCR  engine  still  performs  poorly.  When  the  text  on  a  page 
is  placed  randomly  (not  in  perfect  rows),  the  OCR  engine  attempts  to  align  what  is  there  into 
rows.  This  has  the  effect  of  moving  the  text  to  the  wrong  coordinates.  In  addition,  text  has  been 
placed  into  two  rows  when  it  is  aligned  between  what  the  OCR  engine  has  identified  as  rows. 
This  causes  duplicate  text  when  there  was  none  on  the  original  image.  The  OCR  engine  also 
performs  poorly  if  each  character  of  text  is  processed  separately  It  uses  higher  level 
relationships  to  improve  the  accuracy  of  the  recognition  process  and  these  relationships  are  not 
available  when  a  single  character  is  processed. 


A  method  of  grouping  the  text  into  logical  groupings  was  developed  to  overcome  these 
problems.  An  attempt  is  made  to  group  the  text  into  rows,  which  eliminates  the  single  character 
problem.  There  is  no  attempt  made  to  group  the  text  into  rows  across  the  entire  image;  only 
objects  that  are  spatially  close  are  grouped.  Each  bounded  area  is  sent  to  the  OCR  engine 
separately  for  processing.  This  eliminates  the  tendency  of  the  OCR  engine  to  try  to  group  text 
into  incorrect  rows.  Figure  4.1-3  shows  the  results  of  this  processing  on  the  same  image 
previously  shown.  Note  the  separate  groupings  for  each  block  in  the  diagram. 


Figure  4.1-3  Flow  Diagram  After  Text  Grouping 


As  with  any  solution,  there  are  problems  under  certain  conditions.  The  use  of  Blob  Analysis 
brings  with  it  some  characteristics  that  can  affect  the  results  of  the  preprocessing.  If  a  piece  of 
text  is  touching  a  piece  of  the  graphic,  such  as  a  table  grid  or  flow  diagram  frame,  it  will  become 
part  of  that  blob  and  not  a  separate  one.  This  makes  it  indistinguishable  from  graphic  objects. 
This  problem  usually  occurs  when  the  image  has  poor  scan  quality  or,  less  frequently,  it  is 
because  the  text  was  printed  on  the  page  touching  the  object.  Figure  4. 1  -4  shows  an  example 
image  of  a  table  with  a  surrounding  grid.  The  scan  quality  is  poor  and  a  large  percentage  of  the 
text  is  touching  the  grid.  Figure  4. 1  -5  shows  the  results  of  separating  the  text  and  graphics.  No 
solution  to  this  problem  has  been  found  yet.  This  problem  occurs  seldom  enough  that  the 
overall  performance  of  the  OCR  engine  is  improved  therefore  it  is  desirable  to  use 
preprocessing. 
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1>0001  0*1001 
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Figure  4.1-4  Example  Table  Which  Produces  Poor  Separation 
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Figure  4.1-5  Results  of  Figure  4.1-4 


4.1.1  Page  Segmentation 

In  order  to  properly  process  pages,  it  must  be  determined  what  types  of  regions  are  on  the  page. 
For  example,  a  page  can  consist  of  any  combination  of  text,  graphic,  table,  or  flow  diagram 
regions.  Once  each  region  is  classified  properly,  processing  can  be  performed  using  the  method 
best  suited  to  it.  This  can  be  done  two  ways:  1)  have  a  user  manually  segment  the  image  into 
proper  regions  or  2)  attempt  to  perform  some  automated  segmentation.  It  is  preferable  to  require 
as  little  user  intervention  as  possible  to  reduce  the  cost  of  the  conversion  process. 

Research  is  being  conducted  to  find  methods  of  performing  the  automated  segmentation.  The 
method  described  here  is  one  of  many  steps  that  will  have  to  be  performed  to  properly  identify 
each  of  the  regions.  This  first  step  attempts  to  separate  the  text  regions  from  the  others.  There 
are  two  steps  to  this  technique.  The  first  step  is  to  group  the  objects  on  the  page  into  regions 
according  to  horizontal  and  vertical  spacing.  The  second  step  is  to  classify  a  region  as  non-text 
if  an  object  in  the  region  has  characteristics  outside  the  normal  for  text. 

This  technique  relies  on  the  assumption  that  non-text  regions  will  contain  an  object  that  has 
characteristics  outside  the  normal  for  text.  For  example,  a  graphic  usually  contains  at  least  one 
object  that  is  much  too  large  (too  tall  and  too  wide)  to  be  a  text  object.  This  assumption  holds 
true  for  the  flow  diagram  boxes  (which  usually  surround  text)  as  well.  If  a  table  has  borders 
around  it,  the  border  will  also  be  outside  the  normal  characteristic  of  text.  If,  however,  a  table  is 
not  framed  by  a  border,  this  technique  will  classify  it  as  text  since  it  will  only  contain  text  in 
row-column  format.  Further  processing  will  need  to  be  conducted  to  properly  classify  these 
tables. 

The  following  images  demonstrate  the  results  of  this  technique.  The  text  regions  are  outlined  in 
green,  while  the  non-text  regions  are  outlined  in  red. 
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Figure  4.1.1-1  Text  and  Table  with  Grid 
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Effectivlty  Note  Examples  (Continued) 


Effectivity  Note 

Definition 

F/A-18C,  F/A-18D  163434  THRU  163457 

Applicable  to  all  F/A-18C  aircraft  Applicable  to  some  bu¬ 
reau  numbers  of  F/A-18D. 

F/A-18D  D-140  AND  UP 

Applicable  to  all  F/A-18D  aircraft  after  bureau  number 

164967. 

160775  THRU  160785  BEFORE  F/A-18 

AFC  772 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbers 
listed,  before  modification  by  technical  directive. 

161213  AND  UP;  ALSO  160775  THRU 

160785  AFTER  F/A-18  AFC  772 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  when  affected  aircraft  have  been  modified  by  tech¬ 
nical  directive. 

160775  THRU  160785;  WHEN  NO.  2  CON- 
TROL  PANEL  P/N  XXXX-X  IS  IN¬ 
STALLED 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbers 
listed  if  panel  P/N  XXXX-X  is  installed.  (Configuration 
before  AVC) 

161213  AND  UP;  ALSO  160775  THRU 
160785;  WHEN  NO.  2  CONTROL  PANEL 
P/N  XXXX-Y  (AVC-102)  IS  INSTALLED 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  to  aircraft  components  modified  to  the  production 
configuration  by  technical  directive.  (Configuration  after 

AVC) 

P/N  MBEU65101-9,  MBEU65101-10  & 
MBEU65105-3 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft 

ENGINE  NO.  215101  THRU  215109 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft,  but  configurations  can  not  be  identified  by  part 
number. 

CONFIG/IDENT  NUMBER  84A 

The  CONFIG/IDENT  Number  is  the  program  load  identifi¬ 
cation  number  which  identifies  the  software  program  loaded 
in  specific  programmable  units.  Refer  to  A1-F18AC-SCM- 
000  for  CONFIG/IDENT  Number  tables. 

10.  TECHNICAL  DIRECTIVES. 

11.  Technical  directives  are  documents  which  direct 
the  accomplishment,  and  recording  of  a  retrofit 
configuration  or  inspection  to  delivered  aircraft,  or 
aircraft  components. 

12.  AIRFRAME  CHANGE  (AFC)  AND  AIRBORNE 
TACTICAL  SOFTWARE  CHANGE  (ASC) .  Technical 
directives  which  change  configuration  of  aircraft 
structure  or  equipment  installation,  Le.  AFC,  will 
list  aircraft  bureau  numbers  in  effectivity  notes  and 
show  before  and  after  the  AFC.  Technical  directives 
which  change  configuration  of  operational  flight 
programs  (OFP),  i.e.  ASC,  will  list  the  OFP 
CONFIG/ID  ENT  NUMBER  in  effectivity  notes 


and  show  the  latest  two  authorized  OFP  programs. 
See  AFC  and  ASC  effectivity  examples  in 
Effectivity  Note  Example  Table. 

13.  AIRCRAFT  COMPONENT  CHANGES. 

Technical  directives  which  change  configuration  of 
aircraft  components,  Le.  AAC,  ACC,  AVC,  AYC, 
and  PPC  will  list  part  numbers  in  the  effectivities. 
See  AVC  effectivity  examples  in  Effectivity  Note 
Example  table. 

14.  RECORD  OF  APPLICABLE  TECHNICAL 
DIRECTIVES. 

15.  The  technical  directives  affecting  this  manual 
are  listed  in  the  Record  of  Applicable  Technical 


Figure  4.1. 1-2  Original  Image  Used  for  Figure  4.1. 1-1 
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Figure  4.1. 1-3  Graphic  Region 
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S3A2  3.2(0)1101 

Figure  1.  Counting  Accelerometer  Component*  Location  Diagram 

(on  Aircraft  Not  Modified  by  AFC-221)  | 


Figure  4.1.1-4  Original  Image  Used  for  Figure  4.1. 1-3 
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Figure  4.1. 1-5  Flow  Diagram  Regions 
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Figure  2.  MAD  Boom  System  Troubleshooting  Diagram  (Sheet  5) 


Figure  4.1. 1-6  Original  Image  Used  for  Figure  4.1.1-5 
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The  largest  reason  for  incorrectly  classified  regions  results  from  large  “black  bars”  that  are 
present  in  the  image  either  from  poor  scanning  indicating  a  change  in  a  manual.  Figure  4. 1.1 -7 
shows  an  example  of  this.  The  only  method  of  eliminating  this  problem  is  to  identify  the  “black 
bars”  and  remove  them  before  processing.  Research  will  be  conducted  to  do  this  in  the  future. 
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10.  All  reference  material  in  the  text  and  illustration* 

9f  a  WP  or  SWP  la  listed  on  tha  WP  or  SWP  tltls 
3f^t.  The  NAVAIR  manuals  ara  listed,  in  numerical 
oraer,  by  title  and  number.  Each  WP  end  SWP 
is  also  istad  in  numerical  order  urtcer  :her 
raspectlva  NAVAIR  manudlt  by  title  and  number. 
Examples  of  textual  refaranoae  are: _ 


6,  The  publication  date  appearing  on  each  wr 
5r  SWP  is  the  technical  cutoff  or  copy  freeze  date 
for  that  specific  package.  All  authorized  inputs 
received  prior  to  this  date  are  included  in  the 
change  items  received  and  authorized  subsequent 
to  tha  publication  date  will  be  held  for  the  nexi 
update. _ _ 


t7  TFfHNlCAL  DIRECTIVES! 


»."  A  Record  of  Applicable  Technical  Directive! 
appears  after  the  alphabetical  index  in  each  WF 
. . .  ****■■■  aiMgjiMafcite 


“Insert  safety  pins  in  each  hold-open 
strut  and  remove  radar  absorber  panel 
(NAVAIR  01 -S3 AAA-2-4.2,  SWP  004 
01),' or  “Remove  yaw  thruster  assem¬ 
bly  (NAVAIR  01 -S3  AAA-2-4  0. 

SWP  004  04V 

1.  MAINTENANCE  ASSURANCE  RE¬ 
QUIREMENTS. 

2  Certalr  procedures  or  steps  of  procedures 

toaaasm  flis  lahm  in  tiMk  Tnes° 


^Steady 


II 


Figure  4.1.1-7  Example  of  Misclassified  Text  Region  Due  to  Change  Bar 
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NAVAIR  01 -S3 AAA-2-3.2 

Change  $  -  15  July  1986 


INTRODUCTION 

ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 
AIRFRAME  GROUP  SYSTEMS 


1.  PURPOSE  OF  MANUAL 

2.  This  manual  contains  testing  and  trouble 
shooting  procedures  for  airframe  group  systems. 
The  airframe  group  systems  include  the  bomb 
bay  doors  system,  infrared  detection  system, 
MAD  boom  system,  windshield  heat,  windshield 
washer,  windshield  wiper,  and  rain  repellent 
systems. 

3.  END  ITEMS  COVERED  IN  THIS  MANUAL 

4.  The  end  items  and  systems  covered  tn  this 
manual  consist  of  the  following: 

a.  Bomb  bay  doors  and  drive  system. 

b.  Infrared  detection  system. 

c.  MAD  boom  system. 

d.  Counting  accelerometer  system. 

e.  Rain  repellent  system. 

f.  Windshield  heat  system. 

g.  Windshield  washer  system. 

h.  Windshield  wiper  system. 

5.  PUBLICATION  DATE. 

6.  The  publication  date  appearing  on  each  WP 
or  SWP  is  the  technical  cutoff  or  copy  freeze  date 
for  that  specific  package.  All  authorized  inputs 
received  prior  to  this  date  are  included  in  the 
change.  Items  received  and  authorized  subsequent 
to  the  publication  date  wii]  be  held  for  the  next 
update. 

7.  TECHNICAL  DIRECTIVES. 

8.  A  Record  of  Applicable  Technical  Directives 
appears  after  the  alphabetical  index  in  each  WP 

--  IfiHnHoH  (hoCA  riir*ctivn«  that 


affect  equipment  or  procedures  discussed  in  that 
package  and  provides  the  following  information: 

a.  Type  and  number  of  Technical  Directive. 
For  example:  AFC-30,  AVC-1300.  If  the  number 
has  not  been  assigned,  a  dash  will  appear  in  this 
column. 

b.  The  date  of  issue  of  the  directive.  If  the 
directive  has  not  been  approved,  a  dash  will 
appear  In  this  column. 

c.  Title  and  ECP  number. 

d.  The  date  the  information  was  incorporated 
in  the  WP  or  SWP. 

a.  Technical  Directives  wifl  be  removed  from  the 
record  at  the  next  change  or  revision  after  rescission 
of  the  directive. 

9.  METHOD  OF  REFERENCING. 

10.  All  reference  material  In  the  text  and  illustrations 
of  a  WP  or  SWP  is  listed  on  the  WP  or  SWP  title 
page.  The  NAVAIR  manuals  are  listed,  in  numerical 
order,  by  title  and  number.  Each  WP  and  SWP 

is  also  listed  in  numerical  order  under  their 
respective  NAVAIR  manuals  by  title  and  number. 
Examples  of  textual  references  are: 

•Insert  safety  pins  In  each  hold-open 
strut  and  remove  radar  absorber  panel 
(NAVAIR  01  -S3AAA-2-4.2,  SWP  004 
01),"  or  "Remove  yaw  thruster  assem¬ 
bly  (NAVAIR  01 -S3  AAA-2-4.8, 

SWP  004  04).- 

11.  MAINTENANCE  ASSURANCE  RE¬ 
QUIREMENTS. 

12.  Certain  procedures  or  steps  of  procedures 
throuqhout  this  volume  are  in  italics .  These 


Figure  4.1. 1-8  Original  Image  For  Figure  4.1. 1-7 


Initial  indications  from  using  this  method  show  that  it  can  be  used  as  one  of  several  steps  needed 
to  segment  and  identify  different  regions  of  an  image. 
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4.2  Optical  Character  Recognition 

To  effectively  implement  character  recognition  capabilities  into  ACTI,  it  was  imperative  that  we 
obtain  a  32-bit  OCR  engine  to  replace  our  current  version  of  OmniPage  Pro  5.  OmniPage  Pro  5 
was  not  32-bit  and  was  no  longer  supported  by  Caere.  Upon  acquisition  of  this  engine,  an 
interface  needed  to  be  developed  to  permit  access  to  the  engine’s  functionality,  while  being 
generic  enough  to  allow  for  the  possibility  of  changing  the  engine  with  minimal  coding  changes 
necessary.  Once  an  interface  was  developed,  it  would  then  be  necessary  to  apply  domain 
specific  knowledge  to  achieve  the  best  possible  results  from  the  engine. 


4.2.1  Benefits 

The  benefits  of  using  a  new  OCR  engine  are  twofold.  First,  a  32-bit  engine  provides 
significantly  faster  text  recognition  times  than  a  16-bit  engine,  thereby  reducing  the  overall 
processing  time.  Second,  the  better  recognition  rates  resulting  from  the  newer  technology  will 
significantly  speed  up  the  text  QA  step  and  even  possibly  eliminate  it  (given  we  can  achieve 
recognition  results  in  the  99%  range.  This  might  be  accomplished  if  we  can  identify  and  remove 
the  entire  graphic  prior  to  text  recognition). 

4.2.2  Desired  Features 

It  was  decided  that  the  engine  that  would  best  suit  our  needs  would  have  the  following  features: 
pure  32-bit  code,  reasonable  pricing,  strong  technical  support,  extremely  flexible  and  easy  to  use 
Application  Programming  Interface  (API),  ability  to  handle  gray-scale  and  color  images,  ability 
to  find  text  at  odd  angles  of  rotation,  high  speed,  and  a  high  accuracy  rate.  Of  all  these  features, 
no  engine  supported  color  images  directly.  These  images  could  be  indirectly  handled  by  first 
converting  the  color  to  gray-scale.  Similarly,  no  engine  supported  rotation  at  odd  angles.  The 
only  way  to  handle  this  was  by  manually  rotating  the  image  to  the  desired  degree. 

After  observing  the  tables  and  decision  trees  in  the  troubleshooting  manuals,  the  position  of  text 
seems  to  be  a  very  important  issue.  Our  current  engine  provides  no  text  position  information  as 
a  result  of  processing.  All  of  the  engines  to  be  evaluated  provide  this  information.  This 
information  can  be  categorized  into  the  following  groups: 

•  Region  Information  -  one  or  more  lines  of  text  with  minimal  vertical  white  space 
between  them.  This  might  be  one  cell  of  a  table  or  one  node  in  a  decision  tree. 

•  Line  Information  -  one  or  more  words  of  text  all  along  the  same  horizontal  axis. 

•  Word  Information  -  one  or  more  characters  along  the  same  horizontal  axis  with 
minimal  horizontal  white  space  between  them.  If  the  engine  in  use  uses  a  dictionary, 
then  there  might  be  a  confidence  associated  with  this  word  or  something  to  signify 
whether  or  not  it  was  in  the  dictionary. 

•  Character  Information  -  this  would  include  a  character  confidence,  point  size,  font 
type  (Serif,  San  Serif,  etc.),  and  any  font  characteristics  (italics,  bold,  etc.). 

All  of  the  above  would  have  bounding  box  coordinates.  This  information  (in  particular  the 
region  information)  will  greatly  assist  in  the  processing  of  the  troubleshooting  information  by 
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providing  a  means  to  distinguish  between  problems  and  solutions  (often  located  in  different 
columns)  and  a  way  to  navigate  decision  trees. 


4.2.3  Initial  Evaluation 

For  the  initial  evaluation,  six  OCR  engines  were  evaluated  using  eight  test  images.  The  six 
engines  were  developed  by  the  following  companies:  International  Neural  Machines  (INM), 
Maxsoft-Ocron,  ExperVision,  Prime  Recognition,  Xerox,  and  Cognitive  Technology.  The  eight 
test  images  consisted  of  one  image  from  eight  different  manuals.  This  allowed  the  engines’ 
performance  to  be  measured  over  a  wide  range  of  manuals  containing  different  font  types.  The 
graphics  were  removed  from  the  images  so  they  would  not  interfere  with  the  testing  of  the 
accuracy  of  any  of  the  engines.  During  the  initial  evaluation,  text  accuracy  was  the  focal  point. 
Once  this  had  been  determined,  the  top  three  engines  were  to  be  evaluated  again  on  images 
containing  both  text  and  graphics.  The  results  of  the  second  evaluation  would  then  be 
considered  along  with  other  important  factors  to  finally  decide  which  engine  was  to  be 
purchased. 

The  evaluation  process  was  straightforward.  The  images  were  zoned  and  pre-processed 
(despeckled,  deskewed,  etc.)  if  necessary,  and  then  run  through  the  OCR  engine.  Once  through 
the  recognition  process,  the  hits,  errors,  and  misses  were  recorded  and  a  percentage  was 
determined  for  each.  A  hit  is  a  correctly  identified  piece  of  text.  A  miss  occurs  when  there  is  a 
piece  of  text  in  the  image  that  the  engine  doesn’t  see  at  all.  An  error  occurs  when  the  engine 
sees  a  piece  of  text  in  the  image,  but  fails  to  recognize  it  correctly  by  either  mistaking  it  for 
something  else  or  identifying  it  as  unrecognizable.  Adding  up  the  misses  and  errors  for  an 
image  should  give  you  a  reasonable  idea  of  how  many  edits  would  be  required  to  ensure  that  all 
the  text  on  a  given  image  is  correct.  Since  we  wanted  to  minimize  the  number  of  edits  per 
image,  then  clearly  the  engine  that  provided  the  lowest  miss  and  error  percentages  would  be  the 
preferred  engine. 

The  following  eight  images  (Figures  4. 2. 3-1  through  4. 2. 3-8)  were  used  in  the  initial  evaluation 
process.  Again,  all  of  the  graphics  were  removed  from  the  test  images  in  order  to  determine 
which  engine  had  the  best  text  accuracy. 
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Figure  4.2.3-1  OCR  Initial  Evaluation  -  Test  Image  1 
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Figure  4.2.3-2  OCR  Initial  Evaluation  -  Text  Image 
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Figure  4.2.3-3  OCR  Initial  Evaluation  -  Test  Image  3 
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Figure  4«2.3-5  OCR  Initial  Evaluation  -  Test  Image  5 
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Figure  4.2.3-6  OCR  Initial  Evaluation  -  Test  Image  6 
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Figure  4.2.3-7  OCR  Initial  Evaluation  -  Test  Image  7 


30 


Figure  4.2.3-8  OCR  Initial  Evaluation  -  Test  Image  8 


Figure  4.2.3-9  shows  the  overall  results  of  the  OCR  testing.  Keep  in  mind  that  the  ExperVision, 
INM,  and  Cognitive  Technology  products  are  integrated  products  and  not  Software 
Development  Kits  (SDK).  Since  ExperVision  did  so  well,  we  have  contacted  the  company  in 
order  to  get  an  evaluation  copy  of  their  SDK  to  see  if  it  performs  as  well. 
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Results  of  OCR  Testing 


OCR  Product 


Figure  4.2.3-9  Results  of  the  Initial  OCR  Engine  Evaluation 

As  you  can  see,  accuracy  varied  from  93.74%  to  99.04%.  Speed,  however,  didn’t  vary  quite  as 
much.  All  of  the  engines  ran  reasonably  fast  except  for  the  engine  from  Prime  Recognition, 
which  was  extremely  slow.  The  reason  for  this  is  that  Prime  Recognition  uses  a  voting 
technology  that  incorporates  five  different  OCR  engines  taking  the  results  and  deciding  which 
engine  is  correct  (in  the  case  of  any  discrepancies).  This  is  also  the  reason  for  Prime’s  high 
accuracy  rate.  INM  would  often  mistake  a  1  for  an  I  and  a  P  for  an  F.  The  Recore  engine  from 
Maxsoft-Ocron  had  a  lot  of  trouble  with  spacing.  The  product  from  Cognitive  Technology 
dropped  many  words,  which  adds  up  to  a  lot  of  misses  accounting  for  the  high  percentage  of 
missed  text. 


4.2.4  Final  Evaluation 

The  second  evaluation  consisted  of  running  approximately  116  images  from  four  different 
troubleshooting  manuals  were  run  through  the  following  engines:  Prime  Recognition, 
ExperVision,  and  Xerox.  First,  using  a  modified  version  of  the  GCS  project,  graphics  were 
removed  from  the  images.  This  resulted  in  an  image  that  most  closely  resembles  the  one  an 
engine  would  see  in  our  final  application.  In  the  second  evaluation,  only  edits  will  be  counted. 
An  edit  is  either  a  block  delete  or  any  change  made  to  a  character. 

The  following  table  illustrates  the  results  of  the  second  evaluation.  Clean  images  are  those  that 
have  clearly  distinguishable  text  and  little  or  no  graphics.  Dirty  images  are  those  where  the  text 
runs  together  or  graphics  are  predominant. 
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Table  4.2.4-1  OCR  Final  Evaluation  Results 


A1  -FI  8  AC-744-21 0  1 

ExperVision 

Prime 

Recognition 

Xerox 

Clean  Images 

1-00p1 

3 

8 

16 

2-00p2 

20 

3 

53 

3-00p17 

5 

1 

11 

3-00p4 

21 

9 

31 

4-00p1 0 

13 

8 

35 

4-00p7 

7 

13 

61 

4-00p8 

22 

16 

33 

5-00p7 

17 

17 

69 

5-00p8 

18 

16 

59 

7-00p25 

23 

24 

26 

7-00p53 

34 

19 

78 

8-00p3 

13 

14 

23 

Total  edits 

196 

148 

495 

Avg.  edits  per  page 

16.33 

12.33 

41.25 

Dirty  Images 

3-00p21 

22 

17 

24 

3-00p23 

34 

19 

13 

3-00p27 

6 

9 

20 

4-00p2 

118 

118 

247 

4-00p3 

62 

110 

243 

Total  edits 

242 

273 

547 

Avg.  edits  per  page 

48.40 

54.60 

109.40 

Total  edits  this  manual 

438 

421 

1042 

Avg.  edits  per  page  this 

25.76 

24.76 

61.29 

Imanual 
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Table  4.2.4-1  OCR  Final  Evaluation  Results  (continued) 


A1 -FI  8AC-51 0-200  1 

ExperVision 

Prime 

Recognition 

Xerox 

Clean  Images 

2-00p1 

19 

5 

29 

2-00p2 

18 

13 

66 

2-00p3 

8 

6 

23 

2-00p5 

13 

4 

11 

2-00p6 

22 

28 

16 

3-01  pi  4 

11 

9 

16 

3-01  pi  6 

2 

0 

1 

3-01  p2 

9 

3 

18 

3-01  p8 

4 

3 

20 

4-00p12 

8 

5 

36 

4-00p14 

16 

20 

41 

5-00p6 

10 

11 

73 

6-00p14 

8 

4 

62 

Total  edits 

148 

111 

412 

Avg.  edits  per  page 

11.38 

8.54 

31.69 

Dirty  Images 

4-00p2 

35 

34 

Total  edits 

35 

34 

37 

Avg.  edits  per  page 

35.00 

34.00 

37.00 

Total  edits  this  manual 

183 

145 

449 

Avg.  edits  per  page  this 

13.07 

10.36 

32.07 

Imanual 
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Table  4.2.4-1  OCR  Final  Evaluation  Results  (continued) 


A1  -FI  8  AC-450-200  1 

ExperVision 

Prime 

Recognition 

Xerox 

Clean  Images 

2-00p1 

6 

13 

12 

2-00p2 

4 

1 

23 

6 

2-00p3 

4 

7 

2-00p4 

1 

3 

2 

2-00p5 

1 

0 

3 

2-00p6 

7 

3 

3 

3-00p15 

7 

1 

10 

3-00p18 

3 

2 

16 

3-00p49 

1 

2 

40 

3-00p57 

2 

1 

6 

4-00p9 

8 

5 

33 

Total  edits 

44 

38 

154 

Avg.  edits  per  page 

4.00 

3.45 

14.00 

Dirty  Images 

2-00p8 

31 

74 

75 

3-00p77 

100 

19 

41 

3-00p79 

60 

19 

52 

4-00p4 

20 

24 

39 

4-00p5 

258 

115 

140 

Total  edits 

469 

251 

347 

Avg.  edits  per  page 

93.80 

50.20 

69.40 

Total  edits  this  manual 

513 

289 

501 

Avg.  edits  per  page  this 

32.06 

18.06 

31.31 

Imanual  | 

35 


Table  4.2.4-1  OCR  Final  Evaluation  Results  (continued) 


NAV AIR  01 -S3 AAA-2-3.2  1 

ExperVision 

Prime 

Recognition 

Xerox 

Clean  Images 

10-OOplO 

21 

17 

25 

10-OOpll 

24 

56 

49 

10-00p13 

8 

7 

18 

1 0-00p2 

8 

5 

15 

1 0-00p3 

3 

0 

5 

1 0-00p5 

18 

12 

26 

1 0-00p8 

12 

5 

193 

1 1-00p2 

14 

11 

16 

1 1  -00p3 

5 

6 

22 

3-00p18 

10 

1 

23 

3-00p26 

23 

1 

10 

3-00p3 

1 

0 

3 

3-00p6 

21 

8 

22 

4-02p9 

14 

3 

11 

Total  edits 

182 

132 

438 

Avg.  edits  per  page 

13.00 

9.43 

31.29 

Dirty  Images 

1 0-00p4 

31 

24 

35 

3-00p7 

18 

21 

31 

4-01 p6 

15 

15 

39 

4-02p6 

6 

36 

23 

Total  edits 

70 

96 

128 

Avg.  edits  per  page 

17.50 

24.00 

32.00 

Total  edits  this  manual 

252 

228 

566 

Avg.  edits  per  page  this 

14.00 

12.67 

31.44 

Imanual 
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Table  4.2.4-1  OCR  Final  Evaluation  Results  (continued) 


Grand  total  edits  (clean) 

ExperVision 

Prime 

Recognition 

Xerox 

570 

429 

1499 

Grand  total  edits  (dirty) 

816 

654 

1059 

Grand  total  edits 

1386 

1083 

2558 

Avg.  edits  per  page  (clean) 

11.40 

8.58 

29.98 

Avg.  edits  per  page  (dirty) 

54.40 

43.60 

70.60 

Avg.  edits  per  page  (all) 

21.32 

16.66 

39.35 

Clearly,  from  the  results  of  the  second  evaluation,  our  choices  were  down  to  either  Prime 
Recognition  or  ExperVision.  Prime  Recognition’s  accuracy  may  have  slightly  outperformed 
ExperVision,  but  it  was  not  by  a  big  enough  margin  to  justify  the  high  cost  overhead  associated 
with  Prime.  The  following  table  shows  the  cost  for  each  of  the  OCR  engines.  (The  accuracy 
percentages  in  the  following  table  are  from  the  previous  run  of  eight  images.) 


Table  4.2.4-2  Accuracy  Cost  Comparison 


Company 

Accuracy 

Errors 

Cost 

(SDK) 

KHEH 

Cost  (other) 

Prime  Recognition 

99.04% 

64 

$27,000 

N/A 

$13,000 

ExperVision 

97.67% 

155 

$4,190 

$765 

N/A 

Xerox 

96.64% 

224 

$5,000 

$100 

N/A 

Maxsoft-Ocron 

95.45% 

323 

$6,000 

$300 

pN/A 

Accuracy  was  measured  on  images  that  had  the  graphics  completely  removed 
Scat  cost  is  for  50  scats. 

Other  costs  are  for  other  hardware,  software,  etc.  required  to  run  the  engine. 
Only  the  top  three  engines  arc  being  evaluated  on  the  troubleshooting  images. 


While  accuracy  was  the  biggest  issue,  cost,  speed,  and  robustness  were  also  major  concerns.  As 
you  can  see  in  the  above  table,  ExperVision  is  much  cheaper  than  Prime  The  big  problem  with 
Prime’s  cost  is  that  the  $40,000  would  be  incurred  for  each  new  installation  of  the  product.  That 
results  from  the  cost  of  the  runtime  files  and  an  additional  $13,000  for  a  dedicated  dual  Pentium 
server  to  run  it.  Once  installed,  however,  it  is  accessible  over  the  network  and  the  only  variable 
that  limits  the  number  of  users  is  the  processing  power  of  the  server.  A  dual  Pentium  pro  server 
could  handle  about  3,000  to  4,000  images  per  day.  ExperVision’s  cost  per  runtime  seat  is 
variable.  Table  4.2.4-3  illustrates  their  royalties: 
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Table  4.2.4-3  ExperVision’s  RTK  Royalty 


Toolkit 

Open  RTK  3.0XA  for  Windows  NT 

Toolkit  Price 

$4,190 

After  this  number  of  copies 

Royalty  per  copy  is  down  to 

3 

$1 ,080 

5 

$1,044 

10 

$995 

15 

$948 

20 

$882 

30  — | 

$765 

50 

$617 

75 

$485 

100 

$381 

125 

$300 

150 

$212 

200  i 

$164 

Xerox’s  runtime  fees,  however,  are  significantly  more  affordable  with  a  price  of  $100  per  seat 
for  up  to  100  seats.  Once  the  number  of  seats  exceeds  100,  the  price  per  seat  drops  to  $50. 

As  far  as  speed  is  concerned,  ExperVision  and  Xerox  run  at  around  the  same  speed,  which  is 
approximately  five  times  faster  than  Prime.  This  was  due  to  Prime’s  need  to  load  and  run  five 
different  OCR  engines  (including  ExperVision). 

Robustness  was  another  primary  concern.  ExperVision’s  engine  had  trouble  with  certain 
directory  structures,  but  their  technical  support  seemed  to  know  what  was  causing  the  problem 
and  said  a  patch  would  be  forthcoming.  Prime,  on  the  other  hand,  was  much  less  robust.  On 
two  occasions,  Prime  crashed  so  badly  that  the  user  was  forced  to  reboot  in  order  to  get  it 
working  again.  Furthermore,  on  every  image  that  Prime  was  run,  at  least  one  of  the  five  OCR 
engines  failed.  Numerous  times  only  one  engine  succeeded  on  the  image.  In  addition.  Prime 
had  a  terrible  time  merging  the  results  of  the  various  engines  together.  Many  duplicate  lines 
would  appear  when  it  didn’t  know  which  engine  to  believe.  The  people  from  Prime  said  this 
could  be  fixed  with  an  extra  zoning  module  that  cost  around  $4,000  (included  in  the  $27,000 
previously  mentioned).  While  Prime’s  voting  technology  is  a  good  idea,  they  need  to  work  on 
their  implementation. 

4.2.5  Demo  Application 

Overall,  ExperVision  was  chosen  over  Prime  Recognition.  Work  was  then  started  on  a  generic 
interface  for  the  engine,  as  well  as  an  application  to  test  the  interface.  This  application 
implemented  a  new  blob  segmentation  technology  to  perform  the  separation  of  graphics  and 
text.  After  that  was  accomplished,  the  blobs  remaining  on  the  image  were  then  grouped  into 
lines.  This  was  done  using  a  new  blob  text  grouping  strategy.  The  results  of  the  segmentation 
and  grouping  were  then  sent  to  the  OCR  engine  for  processing. 
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The  demo  application  also  provided  a  means  to  manually  separate  text  and  graphics  then 
recognize  the  text  and  save  the  results  to  a  file.  Additionally,  it  allowed  the  results  to  be  viewed 
by  overlaying  them  on  the  original  image.  Furthermore,  regions,  lines,  words,  and  characters 
found  by  the  engine  could  be  viewed  on  the  screen  by  showing  the  bounding  box.  At  this  point, 
preparations  began  for  the  demonstration.  All  experimental  code  was  removed  from  the  demo 
application.  Graphical  user  interface  enhancements  were  added  to  the  program  to  provide  a 
better  means  of  showing  exactly  what  kind  of  processing  was  done  to  the  image.  A  variety  of 
images  were  selected  to  show  the  capabilities  of  the  OCR  engine,  as  well  as  the  improvement  of 
recognition  results  when  blob  segmentation  and  grouping  is  used  prior  to  processing  the  image. 

Figures  4.2.5- 1  through  4.2.5-5  show  the  process  an  image  goes  through  during  recognition. 


i  MDI  Demonstititioii 


Figure  4.2.5-1  The  Original  Image  Prior  to  Any  Processing 
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Figure  4.2.S-2  The  Image  After  Applying  the  Blob  Segmentation  Technology 


Figure  4.2.5-3  The  Image  After  Applying  the  Blob  Text  Grouping  Strategy 
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Figure  4.2.5-4  The  Text  Returned  from  the  ExperVision  OCR  Engine 
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Figure  4.2.5-5  Zoomed  In  on  Recognized  Text  With  Regions  Highlighted 

After  the  demonstration,  advancements  were  made  toward  a  continuation  of  the  project.  The 
code  that  provides  an  interface  for  the  OCR  engine  has  been  moved  into  a  Dynamic  Link 
Library  (DLL)  to  allow  for  easier  integration  into  a  larger  project. 


4.2.6  Future  Directions 

The  importance  of  graphic  removal  to  the  text  recognition  process  can  not  be  emphasized 
enough.  Were  this  project  to  continue,  different  methods  of  text  and  graphics  segmentation 
would  be  examined.  In  particular,  we  would  investigate  the  separation  process  used  in  the  GCS 
project  to  determine  whether  or  not  it’s  use  would  be  beneficial  to  us. 

Furthermore,  we  would  look  for  ways  to  reduce  the  number  of  junk  hits  (graphics  recognized  as 
text)  returned  from  the  recognition  process.  Some  approaches  to  this  would  be  filtering  out 
unacceptable  characters,  character  combinations  that  make  no  sense,  and  characters  that  are 
repeated  more  than  they  should  be  For  example,  an  unacceptable  character  might  be  a  question 
mark  (or  ampersand,  or  percentage  sign,  etc.)  by  itself  in  the  middle  of  the  page.  An  example  of 
character  combinations  that  make  no  sense  might  be  something  like  the  following  string: 

The  same  example  can  be  used  to  show  characters  being  repeated  more  than  they  should  be.  In 
the  previous  example,  three  commas  in  a  row  clearly  signify  that  something  is  wrong  with  this 
string.  The  big  question  is  whether  any  of  these  cases  were  originally  graphics  or  not  After 


processing  numerous  images,  there  seems  to  be  a  high  probability  that  character  combinations 
that  make  no  sense  were  previously  graphics.  However,  this  is  dependent  on  the  fact  that  there 
are  no  alphabetic  letters  in  the  word.  When  these  types  of  characters  appear  in  the  word,  then 
determining  this  is  not  as  easy. 

4.3  Vector  Analysis  in  Table  Processing 

As  discovered  from  the  survey  conducted  at  the  onset  of  the  project,  a  large  percentage  (62.5% 
of  pages  surveyed)  of  the  data  contained  in  troubleshooting  information  is  presented  in  a  table 
format.  Much  of  the  structure  of  the  procedural  troubleshooting  steps  is  contained  within  the 
relationships  established  by  the  table  columns  and  rows.  Vector  analysis  of  the  troubleshooting 
information  can  be  used  to  extract  many  of  the  graphical  features  of  tables,  in  order  to  identify 
proper  text  groupings,  and  relationships  between  these  proper  text  groupings. 

Figure  4.3-1  shows  a  typical  page  of  troubleshooting  information  organized  in  a  table  format. 
You  can  see  that  the  text,  highlighted  by  a  dotted  box  (not  part  of  the  original  image),  in 
Columns  6  and  7  of  the  table,  is  very  close.  By  simply  using  proximity  to  combine  isolated  text 
blocks,  it  would  probably  be  combined  as  “TEST  INITIATE  -  Dimly  lit.”  However  by  using  the 
information  gained  by  vector  analysis,  we  would  know  the  bounds  of  Column  6  and  of 
Column  7,  and  that  the  text  in  each  of  these  columns  is  separate,  regardless  of  proximity.  This  is 
one  example  of  how  vector  information  can  be  useful  in  the  conversion  process. 
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Figure  4.3-1  Table  Troubleshooting  Information 
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Upon  initial  inspection,  the  problem  of  recognition  of  table  rows  and  columns  may  sound 
simple.  You  would  just  recognize  the  rectangles.  However,  upon  further  inspection  of  actual 
tables  contained  within  troubleshooting  information,  several  variations  of  tables  can  be 
identified.  They  appear  similar,  but  in  the  vector  representation,  they  are  very  different.  These 
include  variations  of  the  frame,  and  interruptions  of  the  columns.  A  simple  matrix  showing  the 
possible  graphical  table  variations  is  shown  in  Table  4.3-1. 

Table  4.3-1  Possible  Graphical  Table  Variations 


1 

Complete  Columns 

Incomplete  Columns 

13333331331 

Examples  Exist 

Examples  Exist 

No  Frame 

mnn 

No  Examples  Exist 

Table  4.3-1  shows  that  examples  have  been  found  of  five  different  graphical  table  variations. 
The  sixth,  no  frame  with  incomplete  columns,  has  not  been  identified  in  the  troubleshooting 
information.  However,  it  would  exhibit  such  a  small  amount  of  graphical  structure,  that  vector 
analysis  would  be  very  ineffective  in  this  case.  Normal  text  based  analysis,  identifying  text 
columns  and  paragraphs,  would  be  more  beneficial  in  the  last  case. 

The  simplest  case  is  shown  in  Figure  4.3-2.  This  case  contains  a  completely  framed  table,  with 
rectangular  columns  and  no  column  interruptions  by  notes  or  cautions. 
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Figure  4.3-2  Table  With  Complete  Frame  and  Complete  Rectangular  Columns 


In  this  case,  complete  rectangles  are  identified  within  the  image,  and  this  leads  to  identification 
of  all  columns  and  rows  in  the  table.  The  process  in  this  case  can  be  summarized  as  follows: 


1 .  Recognize  all  complete  rectangles  in  the  image. 


The  results  of  this  recognition  are  shown  in  Figure  4.3-3. 
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Figure  4.3-3  Results  of  Finding  Columns  for  Table  Shown  in  Figure  4.3-2 

The  second  type  of  table  encountered  is  one  where  the  table  frame  is  incomplete,  as  to  signify 
that  the  table  is  continued  on  another  page,  but  the  columns  are  complete,  spanning  the  entire 
height  of  the  table.  An  example  of  this  is  shown  in  Figure  4.3-4. 
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Figure  4.3-4  Table  With  Incomplete  Frame,  Complete  Columns 

In  this  case,  the  complete  rectangles  would  again  be  recognized.  However,  that  would  give  us 
only  the  three  columns  in  the  first  row  at  the  top.  The  remaining  three  columns  would  remain 
unrecognized.  So  further  analysis  is  required.  All  verticals  and  horizontals  in  the  remaining 
polyline  would  be  identified  and  sorted,  starting  with  the  leftmost  vertical.  Then  this  sequence 
of  horizontal  and  vertical  lines  would  be  searched  for  special  sequence  combinations.  A 
sequence  combination  of  Vertical-Horizontal- Vertical  possibly  denotes  three  sides  of  a 
rectangle.  If  closing  these  three  sides  yields  a  rectangle,  then  this  is  taken  to  be  another  column. 
The  process  can  be  summarized  as  follows: 

1  Recognize  all  complete  rectangles  within  the  image. 

2.  Identify  all  verticals  and  horizontals. 

3.  Search  for  Vertical-Horizontal-Vertical  sequences. 

4.  Check  closure  of  sequences  for  rectangularity. 

The  results  of  this  process  are  shown  in  Figure  4.3-5. 
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Figure  4.3-5  Results  of  Finding  Columns  for  Table  Shown  in  Figure  4.3-4 


The  third  case  exists  where  the  table  has  a  complete  frame,  but  the  columns  are  interrupted  by 
the  insertion  of  a  note,  or  other  information  within  the  table.  Therefore,  the  vector  lines  making 
up  the  column  do  not  span  the  entire  height  of  the  column.  An  example  of  this  is  shown  in 
Figure  4.3-6. 
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Figure  4.3-6  Table  With  Complete  Frame  and  Incomplete  Column 

In  this  case,  we  would  follow  the  process  identified  for  the  last  case.  However,  this  would  give 
us  only  the  three  columns  in  row  one  at  the  top,  as  complete  rectangles,  and  the  columns  in  row 
2,  column  2,  as  a  closed  rectangular  Vertical-Horizontal-Vertical  (VHV)  sequence  The  other 
columns,  row  2,  column  1  for  example  can  be  identified  as  a  VHV  sequence.  However,  upon 
closure  of  the  three  lines,  because  the  left  vertical  is  much  longer  than  the  right,  due  to  the 
column  interruption,  a  rectangle  is  not  formed.  This  is  handled  as  a  special  case.  If  the  VHV 
sequence  encounters  either  the  left  or  right  table  wall,  then  the  left  or  right  sequence  line  is 
shortened  to  the  length  of  the  other  line  in  the  sequence.  The  process  can  be  summarized  as 
follows: 

1  Recognize  all  complete  rectangles  within  the  image. 

2.  Identify  all  verticals  and  horizontals. 

3.  Search  for  Vertical-Horizontal-Vertical  sequences. 

4.  Check  closure  of  sequences  for  rectangularity 

5  If  closure  fails,  check  for  inclusion  of  the  left  or  right  table  wall  in  the  VHV  sequence 
6.  If  left  or  right  wall  is  included,  allow  rectangularity  to  be  established. 

The  results  of  this  process  are  shown  in  Figure  4.3-7 
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Figure  4.3-7  Results  of  Finding  Columns  for  Table  Shown  in  Figure  4.3-6 
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The  fourth  case  exists  where  the  table  has  both  an  incomplete  frame,  and  incomplete  columns, 
due  to  interruptions  by  insertion  of  notes.  An  example  of  this  case  is  shown  in  Figure  4.3-8. 


Figure  4.3-8  Table  With  Incomplete  Frame  and  Incomplete  Columns 


Using  the  procedure  outlined  on  the  last  example  would  identify  the  three  columns  at  the  top  of 
the  table  in  row  1,  as  well  as  the  three  columns  in  the  middle  in  row  2.  However,  the  three  at  the 
bottom  would  remain  unidentified.  In  order  to  handle  this,  isolated  vertical  polylines  are 
identified  existing  within  the  bounds  of  a  large  polyline,  known  to  be  part  of  the  table.  These 
isolated  verticals  are  then  sorted  left-right,  top-bottom.  Once  this  is  done,  the  isolated  verticals 
are  assembled  with  the  left  and  right  table  walls,  and  each  other  to  establish  the  remaining 
columns.  The  process  can  be  summarized  as  follows: 


1 .  Recognize  all  complete  rectangles  within  the  image. 

2.  Identify  all  verticals  and  horizontals. 

3.  Search  for  Vertical-Horizontal-Vertical  sequences. 

4.  Check  closure  of  sequences  for  rectangularity. 

5.  If  closure  fails,  check  for  inclusion  of  the  left  or  right  table  wall  in  the  VHV 
sequence. 

6.  If  left  or  right  wall  is  included,  allow  rectangularity  to  be  established. 

7.  If  isolated  verticals  exist  within  polyline  bounds,  integrate  them  into  the  table. 
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The  results  of  this  process  are  shown  in  Figure  4.3-9. 


Figure  4.3-9  Results  of  Finding  Columns  for  Table  Shown  in  Figure  4.3-8 

Finally,  the  last  type  of  table  encountered  is  that  of  no  frame,  with  complete  columns.  This  type 
has  no  line  bounding  the  table  on  the  left,  bottom,  or  right  side.  It  is  similar  to  a  tic-tac-toe  grid. 
An  example  of  this  type  is  shown  in  Figure  4.3-10. 
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Figure  4.3-10  Table  With  No  Frame  and  Complete  Columns 

The  process  identified  in  the  last  example  would  recognize  the  second  and  third  columns  in 
Row  1  as  rectangle,  and  the  second  and  third  columns  in  Row  2  as  VHV  sequence  open 
rectangles.  However,  this  leaves  the  entire  columns  one  and  four  unrecognized.  In  order  to 
handle  this,  we  first  identify  this  table  as  unframed.  This  is  accomplished  by  identifying  a 
horizontal  line  left  of  the  leftmost  vertical  line.  If  a  table  were  framed,  the  leftmost  vertical 
would  obviously  be  a  line  in  the  frame,  and  there  would  be  no  horizontals  to  the  left  of  this  line. 
Once  this  has  been  established,  some  new  horizontal-vertical  line  sequence  searches  are 
performed.  Vertical-Vertical-Horizontal-Horizontal  (VVHH),  as  well  as  Horizontal-Horizontal- 
Vertical-Vertical  (HHVV)  sequences  are  searched  for  in  this  case  to  identify  the  table  corners,  or 
Row  2,  Columns  1  and  4.  Similarly,  Horizontal-Vertical-Horizontal  (HVH)  sequences  are 
searched  for  to  identify  columns  with  unbounded  left  or  right  sides,  in  this  case  Row  1, 
Columns  1  and  4.  The  process  can  be  summarized  as  follows: 

1 .  Recognize  all  complete  rectangles  within  the  image. 

2.  Identify  all  verticals  and  horizontals. 

3.  Search  for  Vertical-Horizontal- Vertical  sequences. 

4.  Check  closure  of  sequences  for  rectangularity. 

5.  If  closure  fails,  check  for  inclusion  of  the  left  or  right  table  wall  in  the  VHV 
sequence. 
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6.  If  left  or  right  wall  is  included,  allow  rectangularity  to  be  established. 

7.  If  isolated  verticals  exist  within  the  polyline  bounds,  integrate  them  into  the  table. 

8.  If  a  horizontal  exists  left  of  the  leftmost  vertical,  search  for  WHH,  HHW,  and 
HVH  sequences. 

This  process  yields  the  results  shown  in  Figure  4.3-1 1. 


Figure  4.3-11  Results  of  Finding  Columns  for  Table  Shown  in  Figure  10 


The  process  summarized  for  the  last  case  represents  the  basic  algorithm  (in  order  to  recognize 
table  rows  and  columns)  conducted  on  each  page. 

4.4  Vector  Analysis  in  Flow  Diagram  Processing 

Similar  to  tables  in  troubleshooting  information,  troubleshooting  flow  diagrams  contain  valuable 
information  that  can  be  gained  by  conducting  vector  analysis  on  the  scanned  image  of  the  page. 
These  flow  diagrams  are  constructed  of  a  series  of  boxes  on  a  page,  containing  text  instructions, 
and  information  on  relationships  between  the  various  boxes.  Vector  analysis  can  be  useful  if 
these  box  regions  can  be  identified,  as  well  as  the  flow  from  one  box  to  the  correct  next  box. 
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Figure  4.4-1  shows  a  typical  simple  troubleshooting  flow  diagram,  or  decision  tree.  Examples  of 
more  complex  graphical  troubleshooting  information  exist,  but  the  basic  recognition  concepts 
were  created  using  the  more  simplified  examples. 


Figure  4.4-1  Typical  Simple  Graphical  Troubleshooting  Decision  Tree 


Figure  4.4-2  shows  a  zoomed-in  detail  of  the  bottom  two  flow  boxes  of  the  left  column  shown  in 
Figure  4.4-1.  This  zoomed-in  detail  will  be  used  to  explain  some  of  the  assumptions  and 
methods  used  to  find  the  boxes  and  flow  between  the  boxes  in  the  diagram. 


Figure  4.4-2  Detail  of  Troubleshooting  Tree  Shown  in  Figure  4.4-1 

You  can  see  in  Figure  4.4-2  some  of  the  basic  characteristics  of  graphical  troubleshooting 
information.  One  characteristic  is  that  of  having  a  complete  vector  shape,  in  this  case  a 
rectangle,  surrounded  by  the  same  broken  vector  shape,  the  breaks  being  the  entry  and  exit 
points  of  the  information  flow.  The  basic  identification  method  is  as  follows: 

1  Find  the  complete  shapes  (rectangles  in  this  case). 

2.  Find  the  broken  outer  shapes. 

3.  Identify  the  breaks  in  the  outer  shapes. 

4.  Link  the  breaks  in  the  outer  shapes  to  breaks  in  other  outer  shapes. 

5.  Search  for  linking  information  contained  between  the  breaks  of  links  shapes. 

For  example,  with  reference  to  Figure  4.4-2,  the  two  complete  rectangles  would  first  be  found. 
That  is,  the  inner  rectangles  of  the  two  boxes.  Next,  the  outer  rectangles  would  be  found.  These 
two  rectangles  would  be  examined,  and  it  would  be  noted  that  the  top  rectangle  contains  a  break 
in  the  top,  right,  and  bottom  side.  The  bottom  rectangle  contains  a  break  in  the  top  side.  Then 
links  between  breaks  would  be  established.  A  right  break  links  with  a  left  break,  a  top  with  a 
bottom,  a  bottom  with  a  top,  and  a  left  with  a  right.  In  the  case  shown  in  Figure  4.4-2,  the  top 
rectangle  would  be  linked  from  the  rectangle  above  it,  to  its  top.  It  would  link  to  the  rectangle  to 
its  right,  and  to  the  rectangle  to  the  bottom.  These  are  all  indirect  links,  because  the  exit  line  and 
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entry  line  are  not  the  same  line.  They  are  actually  different  lines,  linked  by  linking  information, 
such  as  "Yes'”  or  "No." 

So,  in  the  case  shown  in  Figure  4.4-2,  the  bottom  of  the  top  rectangle  is  linked  with  the  top  of 
the  bottom  rectangle,  and  then  a  search  is  performed  for  linking  information.  This  information 
is  just  isolated  polylines  contained  between  the  exit  and  entry  points,  which  may  be  some  sort  of 
valuable  information.  These  polylines  have  no  meaning  in  the  vector  recognition  process,  and 
their  validity  must  be  determined  later,  when  paired  with  OCR  results. 

Figure  4.4-3  shows  the  results  of  flow  recognition  performed  on  the  detail  shown  in 
Figure  4.4-2. 


Figure  4.4-3  Results  of  Flow  Recognition  on  Detail  Shown  in  Figure  4.4-2 


You  can  see,  when  comparing  Figures  4.4-2  and  4.4-3  that  the  top  rectangle,  bottom  rectangle, 
and  even  the  right  rectangle  have  all  been  recognized.  Also,  the  flow  between  these  rectangles 
has  been  properly  identified,  and  the  linking  information  has  been  identified.  The  small 
numbers  hanging  from  the  rectangles  are  identification  numbers,  arbitrarily  assigned.  The  top 
rectangle  has  been  assigned  ID  3;  the  bottom,  ID  4;  and  the  right  have  been  assigned  ID  5. 
Figure  4.4-3  shows  that  the  polyline  making  up  the  word  "NO"  has  been  identified  as  the  link 
between  rectangle  3  and  4.  Likewise,  the  polyline  making  up  the  word  "YES”  has  been 
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identified  as  the  link  between  rectangles  3  and  5.  A  closer  view  of  the  ID  numbers  is  shown  in 
Figure  4.4-4. 


Figure  4.4-4  Detail  of  Identification  Numbers 

Then  entire  flow  of  the  diagram  can  be  captured  if  the  starting  points  are  identified.  In  this  case, 
it  was  assumed  that  rectangles  with  no  breaks  on  the  top  and  left  sides  were  starting  blocks. 
However,  this  assumption  does  not  always  hold  true  in  examples  of  more  complex  graphical 
troubleshooting  information.  Figure  4.4-5  shows  the  identification  of  the  flow  of  the  entire 
diagram  shown  in  Figure  4.4-1 . 
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Figure  4.4-5  Results  of  Flow  Recognition  on  Entire  Diagram  Shown  in  Figure  4.4-1 

The  small  circle  on  the  right  side  of  the  large  box  in  the  right  columns  denotes  an  unlinked  exit 
point.  This  is  because  it  links  to  an  off-sheet  reference,  which  presently  is  not  handled. 

4.5  Advanced  Page  Layout 

This  aspect  of  the  ACTI  project  is  concerned  with  processing  text  pages  from  the  manuals.  The 
term  “text  pages”  refers  to  any  page  in  which  the  content  of  the  page  is  primarily  textual 
information.  These  pages  include  regular  prose  text  pages  such  as  might  be  found  in  any 
manual  (organized  by  sections  and  paragraphs),  as  well  as  pages  consisting  of  text  tables.  They 
are  distinct  from  other  types  of  pages  that  consist  mainly  of  graphical  elements  such  as  line 
drawings,  flow  charts,  or  diagrams  (such  as  schematics).  This  distinction  is  of  course  somewhat 
artificial,  as  often  these  types  of  elements  are  mixed  together  on  the  same  page.  However, 
results  from  the  survey  conducted  on  the  troubleshooting  manuals  indicate  that  a  substantial 
segment  of  the  troubleshooting  information  consists  of  text  tables.  This  section  is  addressed  to 
this  subset  of  the  manuals. 

Capturing  the  information  contained  in  these  pages  involves  the  identification  and  recognition 
of  the  text  on  the  page;  the  aggregation  of  the  text  elements  on  the  page  into  meaningful  units; 
the  recognition  of  relationships  between  these  units,  and  the  identification  of  complex  structures 
in  the  document.  This  type  of  information  must  be  captured  if  the  information  in  the  manual  is 


to  be  correctly  understood  and  classified.  Moreover,  manual  (human  operator  performed) 
decomposition  of  the  documents  would  be  time  consuming  and  thus,  costly.  If  an  automated 
solution  to  this  problem  can  found,  the  entire  process  of  conversion  from  paper  manual  to  87269 
database  structure  can  be  facilitated. 

In  the  following  sections,  the  nuances  of  this  problem  will  be  described,  approaches  to  the 
solution  of  the  problem  will  be  discussed,  and  the  method  ultimately  developed  to  solve  the 
problem  will  be  described  in  detail.  While  at  first  glance  the  decomposition  of  the  document 
into  meaningful  elements  seems  to  be  a  straightforward  proposition,  it  is  in  fact  a  quite  difficult 
problem.  In  fact,  it  is  precisely  because  humans  perform  this  type  of  recognition  and  analysis  at 
a  nearly  subconscious  level,  that  the  problem  simultaneously  appears  simple  while  in  fact  it  is 
filled  with  subtlety  and  complexity.  In  Section  4.5,  these  issues  will  be  examined  in  detail  and 
possible  alternative  approaches  to  the  problem  will  be  discussed.  The  methodology  actually 
chosen  to  address  this  problem  will  be  the  topic  of  Section  4.5.2.  In  this  section,  the  proposed 
solution  will  be  presented  and  the  various  software  components  will  be  explained  in  some  detail. 
In  the  final  section,  4.5-3,  the  future  directions  and  goals  of  this  research  will  be  discussed  as 
well  as  its  role  within  the  ACTI  effort. 

4.5.1  Issues 

In  this  section,  the  precise  criteria  for  proper  document  analysis  will  be  defined  and  explained. 
Additionally,  the  particular  subtleties  and  problem  areas  to  be  addressed  will  be  presented. 
From  this  discussion  will  flow  a  set  of  design  goals  and  conditions  which  were  defined  during 
this  research,  followed  by  a  discussion  of  various  methods  of  achieving  robust  and  successful 
automatic  recognition. 

4.5.1.1  An  Explanation  of  Page  Analysis 

As  discussed  above,  the  analysis  of  the  page  involves  identifying  primitive  elements  on  the  page, 
assembling  the  primitive  elements  into  higher  order  structures,  and  identifying  the  relationships 
between  these  higher  order  structures.  The  goal  of  this  process  is  to  ferret  out  the  “meaning” 
encoded  in  the  layout  of  the  page  by  the  authors  of  the  document.  In  the  case  of  simple  prose 
text,  such  as  the  current  document,  the  process  is  relatively  straightforward.  The  document 
follows  a  conventional  hierarchical  structure  composed  as  follows: 

•  Sections. 

•  Sub-Sections. 

•  Paragraphs. 

•  Single  Lines  of  Text. 

•  Individual  Words. 

•  Individual  Characters. 

In  this  scheme,  each  higher  level  structure  is  composed  of  one  or  more  elements  from  the  lower 
order  structures.  This  is,  of  course,  somewhat  simplified  as  we  are  ignoring  such  features  as 
embedded  pictures  and  diagrams,  headings  and  numbering  of  sections,  and  features  such  as  the 
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bulleted  list  above.  However,  it  serves  to  illustrate  this  process  at  a  rudimentary  level.  Proper 
analysis  of  this  document  would  involve  parsing  out  the  sections  and  subsections,  and  the 
paragraphs  that  make  them  up.  Note  that  in  this  scheme  there  are  no  references  to  pages  in  the 
logical  structure  of  the  document  -  because,  in  fact,  the  pages  are  artifacts  of  the  actual  physical 
presentation  of  the  document,  not  its  structure.  Hence,  in  this  scheme,  paragraphs  that  span 
from  the  bottom  of  one  page  to  the  top  of  another  should  properly  be  merged  together  as  one 
logical  unit.  This  analysis  would  allow  the  document  to  be  converted  to  another  format,  such  as 
an  HTML  document,  or  stored  as  descriptive  text  in  an  87269  database. 

Unfortunately,  this  example  is  much  simplified  from  the  world  of  textual  variety  that  is 
encountered  in  a  typical  troubleshooting  manual.  The  manuals  present  information  in  a  variety 
of  formats,  utilizing  a  complex  range  of  styles  and  devices  to  convey  meaning.  Some  of  the 
features  routinely  encountered  in  some  manuals  that  must  be  identified  include: 

•  Multi-column  text. 

•  Tables. 

•  Notes,  Cautions,  and  Warnings  embedded  anywhere  in  the  document. 

•  Hierarchical  relationships  expressed  through  indenture. 

•  Sequences  denoted  using  tags  on  lines  or  paragraphs  of  text. 

•  Structures  (Tables,  Paragraphs,  Notes,  etc.)  that  span  across  multiple  pages. 

All  of  these  features  (and  many  more)  must  be  recognized  and  handled  correctly  by  an 
automated  system  that  hopes  to  parse  the  meaning  from  a  document. 

The  principle  difficulty  with  this  problem  is  the  fact  that  the  documents  were  produced  by 
human  beings  for  the  consumption  of  other  humans  who  share  a  common  understanding  of  how 
documents  are  laid  out  and  what  particular  features  “mean.”  This  common  understanding  is,  in 
effect,  almost  subconscious  and  this  is  the  source  of  the  difficulty  in  designing  an  automated 
system  to  solve  this  problem.  The  “rules”  and  conventions  of  laying  out  documents  have 
evolved  over  time  to  the  point  that  they  are,  in  effect,  a  sort  of  “grammar.”  However,  the  driving 
force  behind  this  evolution  was  their  utility  in  conveying  information  to  other  people  -  hence,  it 
is  offered  here  that  the  only  system  known  to  be  very  good  at  understanding  documents  is,  in 
fact,  a  person.  If  this  process  is  to  be  automated,  a  system  must  be  designed  that  can  mimic 
those  features  of  the  human  mind  which  allow  it  to  perform  this  almost  subconscious  act  of 
understanding. 

In  order  to  make  these  concepts  a  bit  more  concrete;  several  sample  pages  from  actual  manuals 
will  be  used.  In  the  first  example,  Figure  4.5. 1.1-1,  a  partial  breakdown  of  the  various  types  of 
information  contained  on  the  page  follows  (working  generally  from  top  to  bottom  of  the  page): 

•  Manual,  work  package,  and  page  information  make  up  the  top  of  the  page.  That  this 
information  is  common  across  the  particular  manual  in  this  location  is  information  that 
can  be  gleaned  from  processing  multiple  pages  at  one  time. 

•  The  table  title  is  the  next  item  on  the  page.  The  word  “(Continued)”  provides  a  clue  that 
this  table  is  continued  from  a  previous  page  (there  are  other  clues  elsewhere  on  the  page). 
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•  The  next  relevant  item  on  the  page  is  the  partially  boxed  body  of  the  table  itself.  It 
indicates  a  table  is  present  on  the  page  consisting  of  three  columns.  The  column 
delimiting  lines  are  broken,  indicating  that  the  table  contains  an  interruption  of  some 
kind.  In  this  case,  a  Caution  and  a  Note. 

•  Column  headings  are  set  off  from  the  rest  of  the  page  by  being  completely  boxed  in 
(Procedure,  Normal  Indication,  and  Remedy  for  Abnormal  Indication).  The  column 
headings  are  set  in  a  bold  typeface  to  set  them  off  from  the  other  text  on  the  page. 

•  The  word  “CAUTION”  appears  set  inside  a  graphical  highlight  box.  It  is  also  set  in  bold 
typeface  and  is  all  capitalized.  It  is  centered  above  a  paragraph  of  text,  indicating  that 
the  paragraph  is  subordinate  to  it. 

•  A  Note  appears  next.  Again  the  word  “NOTE”  is  typographically  distinct  and  set  in  a 
particular  relationship  to  the  text  comprising  its  body. 

•  Below  this,  the  actual  body  of  the  table  commences.  It  is  composed  of  paragraph-like 
structures  that  are  labeled  with  sequence  tags  (“ac.”  “ad.”  etc.)  These  tags  begin  in  mid¬ 
sequence,  indicating  that  the  table  began  on  another  page.  Note  that  the  first  4  rows  of 
the  table  are  missing  any  values  for  the  second  and  third  columns. 

•  The  fifth  row  (“ag .”)  contains  elements  in  all  columns  across  the  table.  An  additional 
complication  is  that  there  are  multiple  “paragraphs”  in  the  second  and  third  cells. 

•  In  the  second  cell  of  the  fifth  row,  there  is  another  set  of  sequence  tags  (“1.”  “2.”)  that 
provide  the  crucial  clue  for  how  to  match  up  the  paragraphs  in  column  three  with  those 
in  column  two. 

•  The  final  row  (“ai.”)  also  contains  a  sequence  indicator  in  the  second  column,  providing 
a  clue  that  this  row  in  fact  continues  on  the  next  page. 

•  There  is  no  horizontal  line  closing  of  the  table  at  the  bottom  of  the  page.  This  can  be 
taken  as  another  indication  that  the  table  continues  on  to  the  next  page. 
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Table  1.  Pitot  Static  System  and  Related  Instruments  Leak  and  Functional  Test 

(Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

1  CAUTION  3 

To  prevent  damage  to  pitot  static  instruments,  do  not  move  or  adjust  pitot 
static  adapter  (6),  open  any  pitot  static  drain,  or  loosen  any  connection/ fitting 
in  pitot  static  system  while  system  is  under  test 

NOTE 

If  only  leak  test  must  be  done,  do  steps  ac  thru  ap  and  steps  at  thru  bh.  If 
functional  test  must  be  done,  do  steps  ac  thru  bh. 

ac.  On  test  set  (13),  set  ALTI¬ 
TUDE  COMMAND  FEET  con¬ 
trol  to  field  elevation  plus  5000 
feet. 

ad.  On  test  set  (13),  set  AIR¬ 
SPEED  COMMAND  KNOTS 
control  to  850. 

ae.  On  test  set  (13),  allow  AIR* 
SPEED  COMMAND  KNOTS 
and  ALTITUDE  COMMAND 
FEET  indicators  to  stabilize  for 
approximately  10  seconds. 

af.  On  teat  Set  (13),  set  STA¬ 
TIC  PRESSURE  VENT  valve  to 
closed  (fully  clockwise). 

ag.  Set  GO  switch  to  GO. 

1.  NORMAL  OPERATE  and 
NORMAL  lights  come  on. 

Make  sure  test  set  is  good 
(T.O.  33D7-3- 60*71). 

2.  RESET  light  goes  out. 

Make  sure  test  set  is  good 
(T.O.  33D7-3- 60-71). 

ah.  Set  GO  switch  to  GO. 

ALTITUDE  and  AIRSPEED 
MONITORED  displays  slew  to 
commanded  values. 

Make  sure  test  set  is  good 
(T.O.  33D7-3-80-71). 

ai.  Wait  5  minutes  then  set 
LEAK  TEST  -  ALT  and  A/S 
switches  to  ON. 

1.  LEAK  TEST  ALT  and  A/S 
indicator  lights  come  on. 

Make  sure  test  set  is  good 
(T.O.  33D7-8- 60-71). 

Figure  4.5.1. 1-1  Sample  Manual  Page 

The  preceding  list,  although  tedious,  is  provided  to  illustrate  for  the  reader  the  types  of 
information  that  it  is  necessary  to  extract  from  the  page  to  perform  an  adequate  decomposition. 
The  placement  of  the  text  on  the  page,  its  relation  to  other  page  elements,  the  actual  content  or 
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meaning  of  the  text,  extra-textual  elements  such  as  lines  or  special  symbols  on  the  page  -  all 
these  elements  must  be  recognized  and  understood  in  their  totality. 

One  particular  feature  was  hand-waved  completely  in  the  above  list  but  is  perhaps  the  most 
critical  of  all.  The  assumption  was  made  above  in  the  first  few  items  that  there  was  a  table  on 
the  page.  From  this  assumption  flowed  a  lot  of  the  following  decomposition  such  as  the 
formation  of  the  rows  and  columns  of  the  table.  How  in  fact  can  the  recognition  of  the  table  be 
done  by  an  automated  system?  This  particular  page  has  several  distinct  clues: 

•  The  word  “table”  appears  in  a  label  position. 

•  The  lines  on  the  page  delineate  three  columns. 

•  The  text  on  the  page  is  (mostly  -  consider  the  Caution  and  Note)  oriented  around  these 
columns. 

•  There  are  column  headings  at  the  top  of  the  three  columns. 

More  subtle  clues  include  the  fact  that  there  are  distinct  break  points  between  the  rows  that 
extend  across  the  page.  If  one  attempted  to  interpret  the  page  as  a  series  of  paragraphs  that  are 
displayed  in  a  three-column  format,  there  are  substantial  gaps  in  the  text  (in  columns  two  and 
three).  All  of  these  factors  point  to  the  fact  that  there  is  a  table  on  the  page  (which  in  fact  there 
is).  However,  it  is  important  to  realize  that  no  one  indicator  is  decisive,  either  in  a  positive  sense 
or  in  a  negative  one.  That  is  to  say,  any  of  these  factors  could  be  absent  and  the  remaining 
indicators  would  constitute  sufficient  evidence  that  there  was  a  table  present.  There  could  be 
many  pages  that  contained  some  of  these  features  that  did  not  have  tables  on  them. 

The  very  difficulty  of  nailing  down  what  defines  a  table  is  at  the  heart  of  this  entire  process.  The 
very  structures  that  the  process  is  supposed  to  identify  in  a  document  are  in  fact  very  slippery 
concepts  indeed.  In  fact  for  many  problems  of  categorization  in  these  manuals,  the  correct 
answer  is  often  “what  a  person  looking  at  the  page  would  think,”  rather  than  any  hard  and  fast 
rule.  For  almost  any  conceivable  set  of  rigid  rules  one  can  define,  the  exception  is  always  just 
around  the  comer  (or  in  this  case,  on  the  next  page).  If  this  process  is  to  be  automated,  the 
system  designed  will  have  to  be  capable  of  handling  this  variety  of  circumstances  and  conditions 
with  a  tremendous  amount  of  flexibility  and  robustness. 

4.5.1.2  Challenges  in  Automated  Page  Analysis 

The  very  “fuzzy”  nature  of  the  definition  of  the  structures  used  in  the  documents  (as  in  the 
example  of  the  table  in  the  previous  section)  is  one  of  several  challenges  to  developing  a 
comprehensive,  automated  solution  to  this  problem.  Some  of  the  more  straightforward  problems 
are  outlined  below: 

•  Structures  that  span  across  pages  -  This  problem  requires  adaptation  of  algorithms 
to  span  pages  and  make  connection  across  them.  This  adds  to  the  complexity  of  the 
software  and  places  additional  strain  on  hardware  resources  compared  to  processing 
individual  pages. 
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•  Unreliability  of  automated  OCR  -  Present  OCR  technology  cannot  deliver  100% 
accuracy  even  under  the  best  of  circumstances.  Even  extremely  low  error  rates  could 
wreak  havoc  with  a  system  that  is  attempting  to  use  the  OCR  results  in  further 
processing,  unless  steps  are  taken  to  account  for  the  possible  presence  of  these  errors. 
Building  this  type  of  tolerance  for  errors  in  the  system  adds  complexity. 

•  Unreliability  of  other  image  processing  primitives  -  All  the  image  processing 
processes  used  to  find  primitives  on  the  page  such  as  blob  analysis,  vectorization, 
symbol  recognition,  and  text  segmentation  produce  data  that  cannot  be  guaranteed  to 
be  accurate. 

•  Wide  variety  of  potential  structures  and  forms  that  must  be  handled  -  The  sheer 
number  of  different  types  of  structures  adds  significant  complexity  to  the  system. 
For  instance,  within  a  single  manual,  five  different  conventions  were  found  for 
indicating  an  ordered  sequence. 

All  of  these  problems  need  to  be  dealt  with  and  accounted  for  if  an  automated  solution  to  this 
problem  is  to  be  found. 

A  more  subtle  factor  is  the  resistance  of  this  problem  to  a  strictly  “bottom  up”  approach.  By 
“bottom  up”  approach,  it  is  supposed  that  the  system  starts  with  an  initial  set  of  primitives  and 
then  assembles  higher  level  structures  from  them.  These  higher  level  structures  form  the 
primitives  for  successive  steps  until  the  highest  level  structures  are  built.  For  example,  in 
Section  4.5. 1.1,  the  example  of  a  simplified  document  such  as  this  report  was  used.  To  apply 
the  strictly  “bottom  up”  approach,  the  initial  primitives  would  have  been  characters,  which 
would  be  assembled  into  words,  which  would  be  assembled  into  lines  of  text,  which  would  be 
grouped  into  paragraphs,  and  so  on,  until  the  document  itself  was  assembled.  In  this  simple 
example,  the  approach  would  seemingly  work  fine.  In  a  more  complex  document,  containing  a 
richer  structure,  such  as  the  technical  manuals  being  considered  here,  this  approach  will  likely 
fail.  This  can  be  illustrated  in  the  example  of  the  table  used  above.  In  describing  the  problem 
initially,  the  presence  of  the  table  was  just  assumed  at  one  point,  in  a  manner  that  is  not  possible 
in  an  automated  system.  There  must  be  some  definite  point  at  which  the  presence  of  the  table  is 
detected  -  and,  (this  is  the  crux  of  the  issue)  once  detected,  this  must  influence  the  future 
direction  of  the  processing.  When  dealing  with  complex  structures  such  as  tables,  it  is  not 
always  possible  to  design  recognition  algorithms  that  proceed  strictly  from  the  bottom  up. 
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WP 

Number 


Title 


001  00  Alphabetical  Index 

001  01  Work  Package  Index 

002  00  Introduction 

003  00  Pitot  Static  System  and  Related 

Instruments  -Testing 

003  01  Pitot  Static  System  and  Related 

Instruments-Test  Set  TTU-205C/E 
003  02  Pitot  Static  System  and  Related 

Instruments-Test  Set  TTU-205D 
003  03  Pitot  Static  System  and  Related 

Instruments-Pitot  Static  System 
Heaters  Test 


Figure  4.5. 1.2-1  Example  Table 

Figure  4. 5. 1.2-1  illustrates  this  point.  A  strict  "bottom  up"  method  would  almost  certainly  build 
the  text  in  the  right  column  into  a  multi-line  chunk  of  text  or  paragraph.  Any  reasonable  method 
would  likely  group  the  bottom  seven  lines  in  that  column  into  one  coherent  chunk.  This  is 
plainly  wrong,  but  this  fact  is  only  apparent  when  one  is  able  to  discern  the  fact  that  the  entire 
image  makes  up  a  two-column  table.  However,  this  type  of  insight  is  only  available  to  systems 
that  allow  the  creation  of  both  "bottom  up"  and  "top  down"  pressures  to  be  accommodated.  This 
is  a  quite  simple  example,  but  the  sample  data  that  has  been  examined  so  far  is  rife  with 
examples  of  this  type  that  militate  against  the  usefulness  of  strictly  "bottom  up"  approach. 

To  belabor  a  somewhat  obvious  point,  a  strict  "top  down"  approach  cannot  be  implemented 
either,  without  requiring  the  human  operator  to  classify  large-scale  structures  in  the  document 
manually.  While  this  is  a  possibility,  at  present  it  appears  to  be  a  worthier  goal,  in  terms  of 
potential  payoff,  to  work  towards  a  more  automated  solution. 
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4.5.1.3  Design  Goals 

The  overall  goal  of  this  work  was  to  develop  a  methodology  that  could  be  used  to  solve  this  page 
decomposition  problem  in  the  most  general  case.  To  focus  the  work  more  closely  to  the 
immediate  needs  of  the  ACTI  system,  a  subset  of  the  overall  problem  was  chosen.  This  subset 
will  consist  of  the  two  most  predominant  types  of  troubleshooting  tables  encountered  in  the 
manuals  that  were  surveyed: 

•  The  “Procedure/Y es/No”  type  of  tables. 

•  The  “Procedure/Normal  Indication/Remedy  for  Abnormal  Indication”  type  of  tables. 

In  addition  to  their  ubiquity,  these  two  types  of  tables  have  other  features  that  recommended 
them  for  this  work.  They  contain  sequences,  indentures,  compound  cells,  embedded  notes  and 
cautions,  and  many  of  the  other  complex  features  that  make  this  type  of  work  so  difficult. 
Secondly,  it  is  excellent  proof  of  the  value  of  this  type  of  processing,  as  the  tables  map  very 
closely  to  87269  structures.  Hence,  if  they  can  be  properly  parsed  in  an  automated  fashion,  it 
should  not  require  multiple  levels  of  human  intervention  to  insert  them  properly  into  the 
database.  Lastly,  working  simultaneously  on  two  different  types  of  tables  will  force  the  method 
developed  away  from  being  too  tailored  to  a  specific  set  of  circumstances  and  should  thus  insure 
that  it  is  more  general. 

Some  further  assumptions  and  decisions  that  guide  this  development  are  listed  below: 

•  The  process,  at  this  stage,  should  be  automatic  and  require  no  human  intervention. 
The  input  to  the  system  will  simply  be  scanned  document  pages  representing  a 
coherent  piece  of  a  manual  (work  package,  chapter,  etc.). 

•  There  should  be  no  assumption  of  accuracy  from  any  of  the  image  processing 
subsystem  utilized  by  the  process.  For  example,  it  will  not  be  assumed  that  the  OCR 
has  undergone  human  quality  assurance.  The  system  must  cope  with  missing, 
incomplete,  or  possibly  wrong  data. 

Building  on  the  issues  discussed  above,  a  set  of  design  goals  was  created  to  guide  the 
development  of  a  solution  to  this  problem.  These  are  outlined  in  the  following  list  of  features 
desired  in  the  prototype  system: 

•  Incorporation  of  the  widest  amount  of  data  possible  -  The  system  should  attempt 
to  use  a  variety  of  input  data,  in  an  attempt  to  overwhelm  the  limitations  of  any 
particular  method. 

•  Capable  of  handling  missing,  incomplete,  or  incorrect  data  -  The  system  should 
make  no  assumptions  about  the  correctness  of  the  data  that  it  acquires.  This  should 
extend  to  features  such  as  loosening  matching  constraints  in  cases  where  other 
pressure  warrants  it. 

•  Support  for  both  bottom  up  and  "top  down"  pressures  -  The  system  should 
include  provisions  for  developing  its  own  "top  down"  pressures  based  on  what  it 
finds  in  a  particular  problem,  rather  than  just  proceeding  in  a  bottom  up  fashion. 
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•  Robustness  in  the  presence  of  unfamiliar  data  -  The  system,  when  faced  with 
intractable  problems,  should  “fail  gracefully.”  That  is,  it  should  not  just  collapse 
completely,  but  should  attempt  to  handle  the  parts  of  the  problem  it  can  and  thus, 
return  at  least  “partial  answers.” 

•  Homogenous  handling  of  data  from  different  sources  -  The  system  should  attempt 
to  use  all  available  sources  of  data  during  different  phases  of  the  processing,  thus  the 
data  should  be  represented  in  common  format,  whatever  its  source.  The  data 
structures  that  support  the  processing  should  be  flexible  enough  to  handle  the 
introduction  of  new  types  of  data  without  substantial  revision,  and  it  should  be 
possible  to  make  these  changes  without  massive  amounts  of  re-coding. 

•  Support  for  prototyping  activity  -  The  system  should  be  designed  to  provide  a  clear 
view  of  its  internal  functions  to  the  developer.  It  should  also  be  designed  with  the 
maximum  amount  of  flexibility  available. 

•  Self-monitoring  ability  -  The  system  should  have  the  ability  to  abandon  particular 
paths  of  exploration  if  they  prove  to  be  dead-ends,  exchanging  them  for  more  fruitful 
ones. 

To  a  large  degree  the  goals  interact  to  form  one  large  overarching  goal  which  can  be  best 
summed  up  as: 

The  system  should  operate  with  the  same  degree  of  robustness  and  flexibility  that  organic 
systems  display.  Realistically,  this  goal  must  be  taken  with  a  grain  a  salt,  although  it  forms  a 
worthy  direction  in  which  to  head. 

With  these  goals  in  mind,  a  variety  of  potential  methodologies  were  considered  and  rejected. 
These  are  listed  below,  along  with  brief  summaries  of  why  they  were  rejected: 

•  Procedural  Program  -  This  approach  could  not  possibly  yield  the  type  of  flexibility 
needed. 

•  Rule-Based  Expert  System  -  This  type  of  “perception/cognition”  problem  is  typical  of 
the  sort  of  problem  that  first  tripped  up  traditional  Artificial  Intelligence  (Al)  research. 

•  Fuzzy  Logic  System  -  This  type  of  system  offers  some  of  the  flexibility  that  is  needed 
but  still  fundamentally  involves  a  linear,  "bottom  up"  process.  Some  elements  of  the 
adopted  methodology  resemble  fuzzy  logic  constructs. 

•  Neural  Network  -  Despite  their  successes  in  some  perceptual  areas  that  other  more 
traditional  AI  methods  failed  miserably  at,  this  problem  holds  too  much  complexity  for 
this  type  of  approach.  However,  nothing  precludes  using  neural  nets  as  an  adjunct 
methodology  in  the  current  design. 

•  GCS  Type  System  -  This  methodology,  developed  by  ManTech  in  support  of  the 
Carderock  GCS  effort,  utilized  various  overlapping  image  processing  techniques 
incorporated  in  a  voting  scheme.  This  method  achieved  excellent  results  in  overcoming 
the  flaws  of  particular  methods  to  create  a  robust  recognition  system.  However,  it  lacks 
the  interaction  between  components  that  will  be  necessary  to  recognize  and  build  the 
more  complex  structures  that  exist  in  this  problem  area. 
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4.5.2  Approach 

The  approach  currently  being  developed  at  ManTech  owes  its  inspiration  to  two  pioneering  AI 
research  efforts.  The  first  of  these  is  the  HearSay  speech  recognition  project  carried  out  at 
Camegie-Mellon  University  in  the  1970’s.  This  project  pioneered  the  use  of  blackboard 
architecture  and  the  concept  of  using  processes  simultaneously  working  at  different  levels  of  a 
problem  in  concert.  It  represented  the  first  attempt  to  create  a  programming  environment  in 
which  "top  down"  and  "bottom  up"  pressures  could  coexist.  The  second  inspiration  comes  from 
the  work  of  the  Fluid  Analogies  Research  Group  at  Indiana  University.  This  group,  under  the 
leadership  of  Douglas  Hofstadter,  has  developed  a  distributed,  probabilistic  model  of  certain 
aspects  of  human  thought.  Much  of  the  terminology  in  this  section  of  the  report  derives  from 
their  work,  although  the  effort  here  differs  in  many  significant  ways. 

The  approach  being  developed  is  referred  to  as  a  Parallel  Terraced  Scan  (terminology  from 
Hofstadter).  The  method  consists  of  a  simulated  distributed  processing  environment  in  which 
small,  autonomous  pieces  of  code  run  stochastically.  These  pieces  of  code  (codelets,  again  from 
Hofstadter)  are  executed  according  to  a  dynamically  variable  probability  function.  As  they  run, 
they  interact  with  data  structures  held  in  a  common  pool  (known  as  the  Workspace,  again  from 
Hofstadter),  reading  the  data  held  there,  creating  new  items  of  data  or  destroying  existing  items. 
Each  codelet  is  designed  to  do  a  simple,  automated  task  such  as  joining  two  adjacent  lines  of 
text  together  into  a  larger  structure.  Additionally,  based  on  the  results  of  their  action,  the 
codelets  can  dynamically  adjust  the  probability  distribution  of  the  codelets  that  will  run  in  the 
future.  The  goal  is  that  at  the  macro  level,  the  system  will  display  intelligent  behavior  as  a 
statistically  emergent  function  of  this  entire  low-level  behavior.  A  fitting  analogy  is  that  of  an 
ant  colony,  in  which  the  macro  effect  of  much  random  seeming  activity  by  individual  ants  leads 
to  the  construction  of  a  complex  anthill,  far  beyond  the  awareness  of  any  ant  and  without  a 
centralized  plan. 

The  Parallel  Terraced  Scan  addresses  the  design  goals  established  above  in  a  unique  and 
thorough  fashion.  The  name  itself  implies  the  exploration  of  multiple  solutions  to  the  problem 
at  hand.  The  system  is  designed  such  that,  over  time,  it  can  adapt  itself  to  the  particular  features 
of  the  problem  at  hand.  Alternate  hypotheses  can  be  constructed  and  explored,  and  if  necessary 
abandoned.  The  principle  drawback  to  the  method  is  that  nothing  like  this  has  been  attempted 
on  a  problem  of  this  complexity  before;  however,  given  the  drawbacks  associated  with  the  other 
methods  considered,  it  looks  like  a  promising  research  area  to  pursue. 

The  following  section  describes  the  individual  components  of  the  system,  and  how  they  have 
been  tailored  to  the  target  problem.  Then,  in  Section  4.5.3,  the  status  of  the  project  will  be 
described  as  well  as  the  future  plans  for  integrating  this  technology  into  the  ACTI  system. 


4.5.2. 1  Preprocessing 

The  goal  of  the  preprocessing  system  is  to  create  the  initial  population  of  primitive  elements  that 
constitute  the  Workspace  prior  to  the  commencement  of  the  actual  processing.  Existing 
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ManTech  image-processing  capabilities  have  been  leveraged  wherever  possible  and  flexibility 
has  been  built  into  the  system  to  accommodate  future  developments.  A  further  goal  of  this  stage 
is  to  insure  that  every  item  on  the  page  is  accounted  for,  even  if  it  is  of  an  unknown  type. 

The  preprocessing  module  is  the  interface  to  the  “conventional”  image  processing  subsystems. 
At  this  time,  these  consist  entirely  of  a  series  of  steps  performed  prior  to  the  start  of  processing. 
These  steps  create  the  initial  population  of  data  (the  primitives)  that  exist  in  the  Workspace  at 
the  start  of  the  run.  It  is  envisioned  that  in  the  future,  some  of  the  codelets  may  in  fact  invoke 
some  of  the  image  processing  subsystems  directly,  providing  a  more  interactive  climate. 
However,  at  present  this  is  not  being  done  -  all  the  interfacing  to  these  routines  is  done  up  front 
in  a  procedural  manner. 

Currently  the  system  interacts  with  the  following  systems: 

•  Text  Segmentation. 

•  OCR. 

•  Vectorization. 

•  Blob  Analysis. 

Text  segmentation  (which  uses  blob  analysis)  is  called  on  to  create  candidate  areas  of  the  image 
for  OCR  to  process.  The  text  areas  are  deleted  from  a  working  copy  of  the  image.  OCR  is  then 
called  and  the  results  are  loaded  into  the  Workspace  as  primitive  characters  and  words.  Next, 
the  vectorization  module  is  called  to  locate  horizontal  and  vertical  lines  on  the  page.  These 
results  are  also  added  to  the  Workspace  as  primitives  and*  deleted  from  the  working  copy  of  the 
image.  Next,  the  working  copy  of  the  image  is  fed  to  blob  analysis  that  will  identify  any 
remaining  objects  on  the  image.  These  are  added  to  the  Workspace,  presently  as  unidentified 
objects  that  are  ignored  in  future  processing.  As  the  pages  that  are  currently  being  processed  do 
not  have  large  graphic  regions  on  them,  these  remaining  objects  should  consist  of  small  symbols 
or  text  that  was  not  correctly  classified. 

Future  enhancements  to  this  system  are  planned.  An  effort  is  currently  underway  to  create  a 
stand  alone  symbol  recognition  capability  utilizing  the  existing  GCS  technology.  When  this  is 
in  place,  the  unclassified  items  from  the  pages  described  in  the  above  paragraph  will  be  fed  to 
this  sub-system  for  recognition.  The  vector  based  table  recognition  described  elsewhere  in  this 
document  will  be  incorporated,  as  well  as  other  capabilities  that  are  developed  in  the  future. 


4.5.2.2  Workspace 

The  Workspace  is  the  blackboard  of  the  system  in  which  all  data  is  kept  and  made  globally 
accessible  to  the  other  components.  The  principle  design  goals  in  the  construction  of  the 
Workspace  were  flexibility  (because  it  must  contain  all  data  currently  in  the  system  and  types  of 
data  which  may  be  added  in  the  future)  and  simplicity  (to  simplify  the  interaction  of  the  other 
components  with  it).  Because  of  the  need  for  great  power  and  simplicity,  much  care  has  gone 
into  the  design  of  the  Workspace.  The  Workspace  is  in  fact  two  concepts.  The  first  is  the  actual 
data  structures  which  exist  within  the  program  while  it  is  running  and  the  second  is  the 
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“grammar”  of  allowable  constructs  in  the  Workspace.  The  first  is,  essentially,  the  actual 
physical  manifestation  as  it  exists  in  the  computer's  memory  while  the  program  is  running,  and 
the  second  is  the  logical  structure  of  the  items  which  can  be  built  within  it. 

Because  of  the  need  to  be  both  powerful  and  flexible,  the  simplest  possible  implementation  was 
chosen  for  the  Workspace.  (The  inspiration  for  the  data  structures  came  from  the  programming 
language  LISP.)  Everything  in  the  Workspace  is  called  an  "item"  and  is  represented  in  a 
homogenous  way.  Items  consist  of  three  features: 

•  a  type,  that  identifies  what  they  are 

•  a  pointer  to  another  item,  which  allows  groups  of  items  to  be  assembled 

•  an  attribute  pointer,  that  is  a  pointer  to  a  list  of  other  items  which  describe  this  item 

Certain  items  are  known  as  terminals.  Terminal  items  are  those  that  have  specific  pieces  of  data 
associated  with  them.  All  item  types  are  either  attributes  or  peer  items.  Attribute  items  can  only 
appear  in  the  attribute  list  of  another  item.  (Most  terminals  are  attribute  items.)  All  data  stored 
in  the  system  is  in  this  format.  The  scheme  accommodates  all  the  actual  data  structures  stored  in 
the  Workspace.  There  are  other  bookkeeping  issues  that  can  be  ignored  here,  such  as  keeping 
track  of  the  items  in  the  Workspace,  how  they  are  retrieved  when  needed,  their  creation  and 
destruction,  etc. 

The  other  aspect  of  the  Workspace  is  the  logical  structure.  This  is  analogous  to  the  grammar  of 
a  programming  language.  This  grammar  defines  what  combinations  of  structures  can  be  created 
in  the  Workspace.  In  effect,  it  describes  what  item  types  can  have  what  attribute  types.  This 
grammar  has  two  distinct  dialects  or  flavors.  In  the  “loose”  form  it  governs  what  types  of 
structures  can  be  created  in  the  Workspace  during  a  run  of  the  program.  In  the  “tight”  form,  the 
grammar  is  more  restrictive  about  what  kinds  of  structures  are  allowed.  The  tight  form  of  the 
grammar  represents  the  constraints  that  must  be  in  effect  when  the  program  has  stopped 
running.  In  the  tight  form  of  the  grammar,  these  restrictions  limit  the  types  of  potential  output  to 
those  that  can  be  usefully  passed  on  to  other  parts  of  the  system.  The  simplest  example  of  a 
difference  between  the  loose  and  tight  grammar  is  the  concept  of  the  “parent”  relationship.  In 
the  loose  grammar,  an  item  can  have  multiple  parents.  This  allows  the  system  to  experiment 
with  different  ways  to  assemble  items  in  the  Workspace  simultaneously.  In  the  tight  grammar, 
which  must  be  observed  at  the  end  of  processing,  each  item  can  only  have  one  parent.  This 
creates  a  pressure  in  the  system  to  resolve  items  with  multiple  parentage  during  processing. 

The  Workspace  can  best  be  explained  with  a  simple  example.  Consider  the  following  sentence: 

Open  the  door. 
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In  the  Workspace,  this  line  of  text  would  be  stored  as  a  TEXTLINE  item  with  the  following 
attributes: 

•  LOCATION  -  this  attribute  is  a  terminal  that  gives  a  bounding  box  for  the  item  and 
its  parent  page. 

•  FONT  -  this  attribute  is  a  terminal  that  would  contain  information  about  the  typeface, 
point  size,  and  other  features  of  the  font. 

•  LIST  -  this  attribute  is  a  non-terminal  that  denotes  that  a  list  of  other  items  makes  up 
this  item.  Its  attribute  pointer  points  to  a  list  of  LISTMEMBER  items  that  in  turn 
point  to  the  WORD  items  that  represent  the  individual  words  in  the  TEXTLINE. 

These  WORD  items  would  have  the  same  list  of  attributes  as  above,  with  the  addition  of  a 
PARENT  item  which  would  point  back  to  the  original  TEXTLINE  item.  The  LIST  attribute  for 
each  word  (:”Open,”  “the,”  and  “door”)  contains  LISTMEMBER  items  that  point  to 
CHARACTER  items  which  would  feature  LOCATION  and  FONT  attributes,  as  well  as  an 
ASCII  attribute  (a  terminal  containing  the  ASCII  representation  of  the  letter)  and  a  PARENT 
attribute  pointing  to  the  parent  WORD  item.  In  similar  fashion  the  entire  TEXTLINE  could  be 
incorporated  into  a  MULTILINETEXT  item  as  a  member  of  its  list. 

In  the  present  implementation  the  Workspace  is  held  entirely  in  memory  as  a  compound 
structure  consisting  of  a  network  of  nested  linked  lists.  A  substantial  amount  of  code  has  been 
created  to  support  the  access  requirements  of  the  codelets.  Due  to  the  homogenous  nature  of  the 
structures,  they  would  adapt  quite  readily  to  being  stored  in  a  database  during  processing  rather 
than  being  held  entirely  in  main  memory.  The  immediate  disadvantage  of  this  scheme  would  be 
speed.  However  it  is  unclear  at  this  time  how  much  of  an  issue  this  might  be.  The  immediate 
advantage  of  storing  the  Workspace  data  in  a  database  would  be  ease  in  experimenting  with 
different  types  of  access  methods  for  the  codelets.  This  concept  has  not  been  explored  at 
present. 


4.5.2.3  Codelets  &  Coderack 

The  codelets  are  the  active  elements  of  the  system,  while  the  coderack  is  the  data  structure  that 
determines  which  codelet  is  to  run  next.  As  described  above,  the  codelets  are  small  pieces  of 
code  that  implement  a  single  action,  such  as  joining  words  into  a  text  line  or  noticing  a 
particular  feature.  They  operate  on  items  in  the  Workspace,  utilizing  the  data  that  is  found  there 
to  make  decisions  and  posting  their  results  to  the  Workspace  in  terms  of  adding  or  deleting 
items.  The  only  other  direct  action  they  can  take  is  to  alter  the  probability  distribution  on  the 
coderack,  thereby  influencing  the  future  direction  of  the  system.  As  processing  is  carried  out, 
the  cumulative  action  of  these  codelets  create  structures  in  the  Workspace  that  represent  the 
system’s  “view”  or  solution  to  the  problem  being  solved. 

All  codelets  follow  the  same  basic  pattern  of  action.  This  consists  of  three  distinct  phases: 
observation,  decision,  and  action.  In  the  observation  phase,  the  codelet  selects  one  or  more 
items  from  the  Workspace  according  to  certain  criteria.  This  can  be  a  relatively  simple  action, 
such  as  randomly  selecting  an  item  of  a  specific  type,  or  more  complex  such  as  selecting  an  item 
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that  has  specific  attributes.  It  can  also  involve  selecting  multiple  items  where  the  choice  of  the 
later  items  is  determined  by  the  previous  item  selected.  This  would  be  the  case  in  a  codelet 
attempting  to  build  multi-line  structures  (such  as  paragraphs)  from  TEXTLINE  items.  Such  a 
codelet  would  select  a  starting  TEXTLINE  item  more  or  less  at  random  and  then  look  for  items 
nearby  to  pair  it  up  with.  In  the  second  -phase,  decision,  the  codelet  makes  a  judgment  about 
the  items  that  it  has  already  selected  by  measuring  it  against  its  internal  criteria.  Again,  these 
criteria  run  the  gamut  from  the  extremely  simple  to  the  very  complex.  In  most  cases,  this 
judgment  consists  of  applying  specific  tests  to  the  item  or  items  being  considered  and  generating 
a  resulting  numerical  score,  which  is  then  used  to  make  a  pass/fail  decision.  In  the  third  phase, 
action,  the  decision  is  implemented  by  making  changes  to  the  Workspace,  which  can  consist  of 
adding,  deleting,  or  changing  items.  In  most  cases,  the  codelet  also  will  adjust  the  coderack 
based  on  the  result  of  its  decision  phase.  These  adjustments  consist  of  adjusting  the  probability 
of  various  codelets  running  in  the  future. 

The  coderack  is  simply  a  data  structure  that  maintains  the  current  probability  distribution  of  the 
codelets  in  the  system.  Each  codelet  is  represented  in  the  coderack  by  a  number  ranging  from  0 
to  100.  This  number  is  referred  to  as  the  codelet’ s  density.  In  the  simplest  case,  a  particular 
codelet’s  density  number  divided  by  the  sum  of  the  densities  of  all  codelets  in  the  system 
provides  the  probability  that  a  particular  codelet  will  run.  As  described  above,  codelets  that  run 
can  adjust  these  densities  up  or  down  and  thereby  influence  the  probability  distribution.  The 
coderack  actually  functions  in  a  slightly  more  complex  manner  than  this,  in  that  two  additional 
factors  influence  the  probability  distribution.  The  first  of  these  is  an  aging  factor  that  is  used  to 
insure  that  low  probability  codelets  are  not  completely  shut  out  from  running.  This  feature 
increases  the  odds  of  a  given  codelet  running  the  longer  it  has  gone  with  out  being  activated, 
without  altering  its  density  on  the  coderack.  The  second  feature  is  the  influence  of  the 
“temperature”  factor,  which  is  discussed  in  depth  in  the  next  section. 

The  codelets  in  the  system  can  be  divided  into  roughly  four  distinct  types: 

•  Scouts  -  This  class  of  codelet  looks  for  particular  features  or  relationships  among  the 
items  in  the  Workspace.  When  these  features  are  found,  attribute  items  are  created  and 
attached  to  appropriate  items.  Examples  of  the  types  of  features  include  keywords  such 
as  “Page”  or  “Note”  indentures,  certain  characters  that  denote  relationships  such  as 
hyphens  or  colons,  etc. 

•  Structure  Builders  -  This  class  of  codelets  looks  for  patterns  or  relationships  between 
items  in  the  Workspace  and  attempts  to  build  higher  level  structures.  Examples  of  the 
types  of  structures  are  text  lines,  multi-line  text  chunks  (paragraphs),  table  rows, 
sequences,  etc. 

•  Structure  Evaluators  -  This  class  of  codelets  looks  at  the  structures  in  the  Workspace 
and  evaluates  them  in  terms  of  criteria  such  as  strength  and  consistency.  Based  on  the 
evaluations,  they  can  destroy  existing  structures  or  attempt  to  resolve  conflicts  between 
competing  structures. 

•  Control  -  This  is  a  “catch  all”  category  for  codelets  that  do  not  fit  the  other  classes.  The 
codelets  perform  actions  related  to  the  global  state  of  the  system  such  as  adjusting 
parameters  such  as  the  temperature  or  determining  when  to  cease  processing. 
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The  interaction  between  the  probability  distribution  of  codelets  on  the  coderack  and  the 
structures  in  the  Workspace  define  the  system’s  ability  to  understand  and  adapt  to  a  problem. 
The  Workspace  represents  the  attempts  to  build  structures  (hypotheses)  about  the  problem  being 
worked  and,  in  effect,  functions  as  a  primitive  “memory.”  The  codelets  and  their  distribution  in 
the  coderack  represent  directions  of  inquiry,  trends,  and  tendencies  that  have  arisen  as  the 
problem  has  been  worked.  To  illustrate  how  this  actually  works  in  practice,  the  example  of  the 
table  from  Section  4.5  will  be  used  yet  again.  The  critical  issue  discussed  there  was  how  to 
create  the  "top  down"  pressure  that  should  result  from  the  presence  of  the  table  while  working 
from  the  "bottom  up,"  without  the  foreknowledge  that  there  is  a  table  present  on  the  page.  In 
this  system,  as  particular  clues  to  the  presence  of  a  table  are  found  (the  word  “Table,”  the 
columns  delimited  on  the  page,  the  text  arranged  in  columns,  etc.),  the  codelets  that  find  them 
will  increase  the  densities  of  the  table  recognizing  codelet  making  it  more  likely  to  run.  When  it 
does  finally  run,  if  it  succeeds  in  establishing  that  there  may  be  a  table  present,  it  will  activate 
codelets  to  find  the  features  that  correspond  to  a  table,  such  as  column  headings,  rows,  etc.  In 
this  way,  the  "bottom  up"  pressure  forces  the  table  codelet  to  run  and  when  this  happens,  it  then 
creates  top  down"  pressures  that  help  solve  the  problem.  This  is  a  simplification  of  the  system, 
but  it  illustrates  the  general  principle  involved  that  allows  the  program  to  work  a  problem  from 
“both  ends”  as  opposed  to  in  one  direction  only. 


4.5.2.4  Control  Features 

In  addition  to  the  Workspace  and  coderack,  there  are  other  components  of  the  system  that  are 
critical  to  the  processing.  These  components  are  more  global  in  nature  than  the  coderack  and 
the  Workspace,  affecting  the  actions  of  components  across  the  entire  system.  As  such,  they  are 
being  dealt  with  in  a  separate  section.  These  components  also  share  the  common  aim  of 
providing  feedback  and  damping  mechanisms  to  the  rest  of  the  system. 

The  first  of  these  is  the  concept  of  “temperature,”  which  was  briefly  mentioned  above  in  the 
discussion  of  the  coderack.  Temperature,  as  used  here,  is  roughly  analogous  to  the  physical 
concept  of  temperature  or  entropy.  It  is  a  general  measure  of  the  degree  of  order  in  the  system 
and  as  such  is  used  as  measure  of  the  degree  of  “satisfaction”  with  the  current  state  of  the 
system.  Measurement  of  this  parameter  is  based  on  two  broad  concepts.  The  first  of  these  is  the 
relative  complexity  of  the  structures  in  the  Workspace.  This  complexity  is  measured  by  the 
types  of  structures  present  (higher  order  structures  such  as  tables  depress  the  temperature)  and 
the  level  of  nesting  of  structures.  The  degree  to  which  the  Workspace  conforms  to  the  tight 
grammar  also  figures  into  this  factor.  The  second  criterion  is  the  degree  of  conflict  present 
between  structures  in  the  Workplace  (referred  to  as  "friction").  An  example  of  this  type  of 
friction  is  an  item  with  multiple  parents.  The  presence  of  this  type  of  structure  represents  two 
(or  more)  competing  views  of  a  particular  item  that  must  be  resolved.  At  present,  the  methods  of 
measuring  the  temperature  are  the  subject  of  experimentation. 

The  temperature  affects  the  system  in  several  ways.  As  it  is  a  measure  of  the  system’s  relative 
satisfaction,  it  is  used  as  a  feedback  mechanism  to  affect  a  variety  of  processes.  In  general,  the 
higher  the  temperature,  the  farther  the  system  is  from  a  solution.  In  this  case,  the  temperature  is 
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allowed  to  influence  the  system  to  behave  in  a  more  random  way.  In  the  opposite  case,  as  the 
temperature  falls,  the  closer  the  system  is  to  a  solution  and,  hence,  the  less  randomly  the  system 
will  behave.  This  has  an  equivalent  in  human  behavior.  If  someone  believes  they  are  close  to 
success,  they  will  tend  to  adopt  a  more  conservative  approach,  while  if  they  are  in  a  situation 
that  does  not  look  promising,  the  more  likely  they  are  to  take  chances.  The  temperature  directly 
impacts  the  operation  of  the  coderack  and  operation  of  certain  codelets  to  manifest  these  effects. 
In  the  case  of  the  coderack,  the  temperature  is  used  as  a  damping  mechanism  on  the  existing 
probability  distribution  of  the  codelets.  In  this  case,  the  higher  the  temperature,  the  more 
random  the  selection  of  codelets.  The  other  use  of  the  temperature  is  by  the  structure  evaluating 
codelets.  The  temperature  is  used  as  one  of  the  criteria  to  determine  whether  to  destroy  a 
structure.  The  result  is  that  as  the  temperature  rises,  it  becomes  more  likely  that  structures  will 
be  destroyed.  In  these  two  cases,  the  temperature  provides  a  mechanism  to  allow  global 
conditions  to  serve  as  feedback  to  local  decisions.  In  addition  to  these  two  cases,  the 
temperature  is  currently  one  of  the  main  input  factors  to  the  control  codelets  that  determine 
when  the  system  should  cease  processing.  As  the  temperature  is  a  measure  of  satisfaction,  and 
as  it  is  minimized,  the  system  should  be  near  to  a  solution.  The  whole  termination  process  and 
what  factors  need  to  be  considered  in  the  decision  is  still  the  subject  of  experimentation. 

The  second  global  controlling  component  of  the  system  consists  of  the  set  of  functions  that 
support  the  ability  of  the  codelets  to  choose  random  items  from  the  Workspace.  In  the  current 
design,  it  has  become  apparent  that  some  mechanism  needed  to  be  created  to  insure  that  the 
system  proceeds  in  a  more  systematic  way  through  the  document  (down  the  page,  and  across  the 
pages  in  order).  However,  it  was  deemed  important  to  preserve  some  elements  of  random 
selection  in  this  process.  The  solution  found  was  the  concept  of  the  “locus”  which  is  an  actual 
physical  point  on  the  page  that  represents  the  current  focus  of  attention  of  the  system.  When  it 
is  necessary  to  make  a  random  selection  from  a  group  of  items  in  the  Workspace,  the 
distribution  is  skewed  so  that  those  closest  to  the  locus  are  more  likely  to  be  chosen.  The  locus 
continually  adjusts  its  position,  in  effect  being  a  kind  of  running  average  position  of  the  items 
most  recently  selected.  There  are  additional  factors  at  work  here  as  well,  such  as  a  mechanism 
similar  to  the  aging  mechanism  used  by  the  coderack  that  insures  that  items  in  the  Workspace 
are  not  passed  by  and  never  selected.  In  operation,  the  locus  moves  along  the  page  in  the  general 
direction  of  normal  reading  order.  In  this  way,  it  focuses  the  system  and  reduces  the  tendency  to 
hop  frantically  all  over  the  page. 


4.5.2.5  Other  Components 

In  addition  to  the  formal  components  of  the  system  described  in  the  above  sections,  there  are 
several  other  software  subsystems  that  are  being  designed  and  built.  Broadly,  they  can  be 
broken  into  two  categories:  those  implemented  to  provide  a  reusable  code  base  to  support  the 
construction  of  the  codelets  and  those  designed  to  provide  an  aid  to  constructing  the  prototype. 

In  the  case  of  the  code  being  built  to  support  the  codelets,  the  major  motivation  is  the  fact  that 
there  are  many  similarities  between  the  actions  of  the  different  codelets.  Already  discussed 
above  were  the  functions  that  implement  choosing  random  items  from  the  Workspace.  This  is 
common  activity  for  codelets,  mostly  differing  only  in  the  type  of  item  to  be  selected.  As  the 
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Workspace  is  implemented  using  homogenous  structures,  it  is  easier  to  implement  a  set  of 
functions  that  take  the  type  of  item  to  be  selected  as  a  parameter  and  return  a  random  item, 
rather  than  writing  specific  pieces  of  code  for  each  codelet.  Many  other  activities  performed  by 
the  codelets  exhibit  this  type  of  duplication.  In  particular,  a  host  of  functions  to  find  the  nearest 
item  above,  below,  to  the  left,  and  to  the  right  of  a  particular  position  can  be  reused  by  the 
codelets. 

In  certain  cases,  new  types  of  capability  are  being  added  to  the  system  to  increase  its  flexibility. 
One  of  the  more  interesting  of  these  is  the  concept  of  “fuzzy”  string  matching.  In  order  to  make 
the  system  more  robust  in  the  face  of  potential  OCR  errors;  attempts  to  find  keywords  have  been 
implemented  using  a  partial  matching  technique.  For  instance,  if  a  codelet  is  trying  to  find  the 
word  “Note”  on  a  page  and  it  comes  across  the  string  “Nole”,  it  will  record  this  as  75%  match, 
because  three  of  the  four  letters  match.  This  is  obviously  not  very  sophisticated  at  this  level,  but 
it  is  hoped  that  effort  can  be  made  to  study  the  errors  made  by  the  OCR  engine  to  collect 
statistics  on  their  frequency.  With  this  type  of  data,  a  much  more  sophisticated  partial  match 
strategy  could  be  employed.  The  comparative  probability  of  a  particular  letter  being  mis- 
categorized  as  another  would  be  used  to  calculate  a  better  measure  of  the  degree  of  match. 

As  much  of  the  development  of  this  system  will  be  done  in  an  iterative  manner,  a  considerable 
effort  has  been  expended  to  develop  an  environment  to  support  the  prototype  and  aid  the 
developer  in  monitoring  the  system.  A  shell  has  been  implemented  that  enables  the  developer  to 
view  the  raster  images  of  the  pages  loaded  into  the  system,  overlaid  with  structures  from  the 
Workspace.  This  shell  also  supports  the  ability  to  inspect  the  items  in  the  Workspace  and 
interactively  browse  through  the  links  between  items.  The  coderack  has  been  implemented  so 
the  developer  can  single  step  through  the  processing;  pausing  after  each  codelet  is  run.  In 
addition  to  these  interactive  features,  there  is  also  a  capability  to  generate  log  files  during  each 
run  of  the  system.  These  features  have  increased  the  design  and  implementation  time  at  this 
stage  of  the  development  process,  but  they  are  in  place  to  support  further  development  as 
needed. 


4.5.3  Future  Work 

The  immediate  short-term  goal  is  to  complete  the  development  of  the  prototype  system  to  the 
point  that  it  can  be  tested  and  evaluated.  At  present,  only  small-scale  tests  of  the  various  system 
components  have  been  carried  out.  Only  when  all  the  major  components  of  the  system  have 
been  assembled  and  tested  together  will  it  be  possible  to  judge  the  value  of  this  methodology. 
From  this  point  forward,  development  will  proceed  in  an  iterative  fashion  to  refine  the  system  to 
tune  the  system  to  process  the  two  chosen  types  of  tables. 

Another  area  of  priority  is  integrating  additional  image  processing  technologies  into  the  system, 
such  as  symbol  recognition  adapted  from  the  GCS  system.  As  additional  capabilities  are 
developed  for  other  aspects  of  the  ACTI  effort,  it  is  hoped  that  they  can  also  be  added.  Specific 
areas  discussed  above,  such  as  the  “fuzzy”  text  mapping  capability  and  some  areas  not  already 
discussed  such  as  natural  language  processing  are  among  some  of  these  capabilities. 
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In  terms  of  integration  with  the  rest  of  the  ACTI  system,  it  will  be  necessary  to  develop  an 
interface  that  will  allow  downstream  processes  to  access  the  results  generated  by  this  system.  In 
the  particular  case  of  the  procedural  tables,  it  should  involve  a  simple  translator  to  read  the  final 
structures  from  the  Workspace  and  convert  them  either  into  an  intermediate  form  for  final 
processing  or  directly  into  87269  data  elements. 

One  area  of  development  that  has  been  ignored  so  far  is  the  need  to  provide  support  for  quality 
assurance.  An  interface  will  need  to  be  developed  that  allows  the  user  to  correct  mistakes  made 
by  the  system.  Whether  this  will  be  done  while  the  data  is  still  in  the  Workspace  format  or 
farther  downstream  is  presently  undecided.  One  possibility  is  that  much  of  the  code  developed 
to  provide  the  prototyping  environment  (data  browsers  and  display  systems)  could  be  modified 
to  accommodate  some  type  of  editing  facility. 

In  terms  of  long  range  goals,  it  is  hoped  that  the  technology  developed  here  will  prove  useful  in 
recognizing  other  types  of  text-oriented  pages  or  possibly  even  pages  containing  mixed  text  and 
graphics.  If  the  system  works  as  it  was  designed,  it  should  be  possible  to  develop  it  into  a  more 
general  tool  for  processing  different  types  of  documents. 


4.6  Finding  Implicit  and  Explicit  Links  Within  Troubleshooting  Procedures 

Within  each  procedure  of  a  troubleshooting  diagram  or  table  there  may  be  implicit  and  explicit 
links.  Explicit  links  name  the  target  of  the  link  [Do  table  1,  (WP003  02)],  while  implicit  links 
do  not.  To  determine  implicit  links,  troubleshooting  procedures  often  have  a  note  such  as, 
“Component  locations  are  shown  on  figure  1 An  example  procedure  may  state  “Look  at  WPN 
SYS  FAIL  indicator  on  Digital  Display  Indicator  ID-2150/ASM-612  in  nose  wheelwell.”  WPN 
SYS  FAIL  indicator.  Digital  Display  Indicator  ID-2150/ASM-612  and  nose  wheelwell  all  occur 
in  Figure  4.4-1.  Both  explicit  and  implicit  links  may  occur  in  the  same  procedure.  For  example, 
“Operate  APU,  right  AMAD,  in  ground  maintenance  mode  (A1-F18AC-LMM-000)  and  observe 
caution  light  indicator  panel.”  APU,  right  AMAD  and  caution  light  indicator  panels  are  found 
in  Figure  4.4-1  while  ground  maintenance  mode  operations  are  found  in  A1-F18AC-LMM-000. 

To  determine  links  within  troubleshooting  procedures,  the  conversion  system  recognizes  much 
of  the  grammar  of  troubleshooting  procedures,  as  well  as  some  semantics.  To  accomplish  this, 
the  conversion  system  must  contain  some  natural  language  processing  capabilities.  The 
grammar  of  troubleshooting  procedures  that  the  conversion  system  must  recognize  is  at  the 
syntax  level.  This  includes  parts  of  speech  such  as  verbs,  nouns,  and  prepositions.  This  also 
includes  some  level  of  sentence  structure.  By  determining  parts  of  speech  and  sentence 
structure,  the  conversion  system  will  be  able  to  derive  candidate  link  sources  as  noun  phrases 
(nouns  and  any  adverb/adjective  modifiers  such  as  “nose  wheelwell.”  For  the  most  part,  an 
understanding  of  semantics  will  not  be  necessary.  There  are  cases,  however,  where  some 
semantic  recognition  will  be  necessary.  This  includes  determining  transitive  and  linking  verbs 
as  well  as  determining  noun  categories.  For  example,  “Decouple  left  and  right  AMAD  in 
preparation  for  ground  maintenance  mode  (A1-F18AC-LMM-000).”  Some  semantic  processing 
is  required  to  understand  that  “decouple”  is  a  transitive  verb  requiring  a  direct  object  (left  and 
right  AMAD)  and  that  “preparation”  is  a  noun  but  does  not  represent  a  physical  object. 
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“Ground  maintenance  mode”  is  a  noun  phrase  that  also  does  not  represent  an  object  but  is  a 
procedure  and,  therefore,  a  link  candidate. 

Our  research  has  indicated  that  parsing  procedures  with  dictionary  look-up  and  sentence 
structure  patterns  will  result  in  an  over  classification  of  link  candidates.  This  means  that  a  noun 
like  “preparation”  will  be  classified  as  a  link  candidate.  Links  themselves  may  be  given  more 
than  one  target.  For  example,  “Open  doors  54L  and  54R  (A1-F18AC-LMM-010) .”  If  doors 
54L  and  54R  are  link  candidates,  do  their  targets  refer  to  Figure  4.4-1,  A1-F18AC-LMM-010,  or 
both?  While  the  QA  process  can  determine  that  doors  54L  and  54R  are  either  in  Figure  4.4-1  or 
not,  the  QA  process  will  have  difficulty  determining  whether  doors  54L  and  54R  are  in 
A1-F18AC-LMM-010  or  whether  the  explicit  link  refers  to  the  procedure  of  opening  the  doors. 

Our  work  with  respect  to  determining  explicit  and  implicit  links  for  the  next  few  months  will 
focus  on  the  ability  of  the  conversion  system  to  recognize  keywords  and  sentence  structure.  We 
will  generate  some  statistics  to  determine  error  rates  and  classification  rates.  We  will  also  try  to 
categorize  exceptions  to  determine  the  best  method  of  handling  common  errors  in  classification. 

4.7  Natural  Language  Understanding 

Natural  language  understanding,  for  the  purposes  of  the  ONR  contract,  refers  to  three  processes. 
Syntactic  Processing  is  responsible  for  representing  sentence  structure  or  determining  language 
tokens.  Semantic  Interpretation  is  responsible  for  assigning  meaning  to  words,  sentences,  and 
large  sentence  structures.  Contextual  Knowledge  is  responsible  for  representing  discourse 
knowledge  and  refining  semantic  interpretation.  There  are  two  major  purposes  for  using  natural 
language  understanding  processing  troubleshooting  information.  First,  the  troubleshooting 
system  must  be  able  to  distinguish  between  different  types  of  sentence  structures  found  within  a 
manual.  These  structures  include  descriptive  text,  procedural  information,  and  chapter  structure. 
Syntactic  Processing  alone  does  not  provide  enough  information  for  these  distinctions.  A 
natural  language  system  makes  these  distinctions  at  the  Contextual  Knowledge  level.  Various 
words  and  sentences  may  mean  different  things  in  different  contexts.  The  natural  language 
system  must  be  able  to  determine  declarative  sentences  from  questions.  For  this  to  occur,  the 
system  must  understand  such  structures  as  subject  and  verb  inversions.  A  natural  language 
system  understands  these  structures  at  the  Semantic  Interpretation  level.  The  natural  language 
system  also  must  understand  referents  of  pronouns.  A  natural  language  system  determines 
referents  from  Contextual  Knowledge. 


4.8  Syntactic  Processing 

An  alphabet  is  any  finite  collection  of  symbols  while  a  string  or  word  is  a  sequence  of  alphabetic 
characters.  A  language  is  a  set  of  strings  from  the  input  alphabet.  Syntactic  rules  define  legal 
orderings  of  strings  within  various  sentences.  Collectively,  these  syntactic  rules  constitute  a 
grammar.  Lexemes  are  the  actual  strings  or  words  found  within  a  sentence.  Syntactic 
Processing  systems  group  similar  lexemes  into  tokens.  Examples  of  useful  tokens  are  articles 
(lexemes  such  as  "a,"  "and,"  and  "the"),  prepositions  (lexemes  such  as  "to,"  "for,"  and  "with"), 
and  verbs  (lexemes  such  as  "inspect,"  "verify,"  and  "close"). 
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To  describe  a  language,  natural  language  systems  use  various  conventions  such  as  regular 
expressions,  flow  diagrams,  and  Finite  State  Automata  (FSA).  A  useful  formalism  for 
describing  Syntactic  Processing  systems  is  context-free  grammars  and  context-sensitive 
grammars.  Computer  languages  are  good  examples  of  context-free  grammars.  In  a  context-free 
grammar,  syntax  alone  determines  valid  parses  of  input  sentences.  This  really  means  that 
lexemes  in  the  language  have  a  single  meaning.  In  "C,"  for  example,  the  lexeme  “int”  is  part  of 
the  token  set  identifier  type.  It  does  not  mean  different  things  in  different  contexts.  In  a 
context-sensitive  grammar,  natural  language  systems  assign  different  meaning  to  lexemes  based 
on  context.  The  word  “can”  for  example  can  be  a  verb  (“Can  the  tomatoes”),  a  noun  (“I  kicked 
the  can”),  and  an  auxiliary  verb  (“I  can  go  home  now”). 

Syntactic  Processing  systems,  at  a  high  level,  must  parse  sentences  from  a  language  and 
determine  if  the  sentence  is  legal.  Useful  systems,  however,  will  generally  associate  some  action 
with  each  legal  sentence.  These  actions  may  include  transforming  the  sentence  into  a  more 
useful  structure  such  as  a  frame  (discussed  below).  To  determine  if  a  sentence  is  legal,  the 
Syntactic  Processing  system  applies  rules  to  groups  of  tokens.  The  lexical  analysis  phase  of 
Syntactic  Processing  determines  these  tokens.  Lexical  analysis  performs  both  morphological 
analysis  and  word  analysis.  Auxiliary  structures,  lexicons  or  dictionaries,  store  the  lexemes  of 
the  language.  The  lexicon  associates  a  particular  lexeme  with  a  set  of  valid  tokens.  Context- 
sensitive  grammars  generally  augment  lexicons  with  features.  Features  are  such  things  as 
number  agreement  (“plural”  and  “singular”),  person  ("first,"  "second,"  and  "third"),  and  verb- 
form  ("present,"  "past,"  and  "infinitive.")  Features  help  context-sensitive  grammars  determine 
valid  lexeme  and  token  combinations  for  any  particular  sentence.  Augmented  grammars  may 
also  contain  features  that  describe  valid  combinations  of  tokens. 

Under  current  investigation  for  the  Office  of  Naval  Research  (ONR)  project  are  the  various 
parameters  necessary  to  estimate  performance  of  the  Syntactic  Processing  system.  These 
parameters  include  the  type  of  data  structures  that  are  necessary  for  Syntactic  Processing,  as  well 
as  the  size  of  the  lexicon  and  types  of  information  the  lexicon  must  contain.  Finally,  we  are 
investigating  various  forms  of  grammar  to  determine  the  most  efficient  method  of  parsing 
syntax. 

4.9  Semantic  Interpretation 

Semantic  interpretation  is  the  process  of  determining  the  meaning  of  various  words  and  phrases. 
Meaning  for  the  purposes  of  semantic  processing  falls  into  two  categories.  First,  meaning  can 
be  context-dependent.  Context-dependent  meaning  assigns  value  to  statements  based  on  agreed 
upon  conventions  or  context.  For  example,  “This  fire  means  someone  camped  here  last  night.” 
This  sentence  implies  that  the  fire  is  evidence  for  the  conclusion  or  implies  the  conclusion  that 
someone  was  here  (wherever  here  is).  A  context-independent  meaning  is  similar  to  usages  that 
define  words.  For  example,  “Amble  means  to  walk  slowly.”  Context-independent  semantic 
processing  determines  meaning  in  terms  of  other  words  without  reference  to  the  underlying 
language  itself.  This  type  of  meaning  can  be  represented  by  logical  form.  In  general,  semantic 
processing  determines  word  senses  such  as  actions,  events,  and  situations. 
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For  ACT!,  the  major  purpose  of  semantic  processing  is  to  determine  the  meaning  of  sentences 
such  as  “Open  doors  54L  and  54R  (A1-F18AC-LMM-010).”  Syntactic  processing  and  string 
matching  are  unable  to  determine  that  54L  and  54R  are  doors.  Moreover,  the  conjunction  “and” 
is  often  ambiguous  and  can  have  different  senses.  In  the  above  sentence,  it  is  clear  that  “and” 
means  “door  54L”  and  “door  54R.”  In  other  cases,  however,  “and”  can  have  a  temporal  sense. 
For  example,  “Open  door  54L  and  check  the  ignition  switch.”  In  this  case,  it  is  clear  that  one 
must  first  open  door  54L  and  then  check  the  ignition  switch. 

4.10  Image  Viewing  Utilities 

In  order  to  provide  basic  viewing  operations  such  as  zooming  and  scrolling  on  a  bitmapped 
image,  the  image  must  be  scaled.  Scaling  involves  enlarging  or  reducing  the  image  by  some 
factor.  When  enlarging  an  image,  each  pixel  in  the  source  image  is  replaced  by  multiple  pixels 
in  the  destination  image.  This  occurs  when  the  user  zooms  in  to  a  region  of  the  image.  For 
example,  if  an  image  is  enlarged  by  a  factor  of  2,  each  pixel  in  the  source  image  represents  a  2x2 
block  of  pixels  in  the  destination  image.  When  reducing  an  image,  each  block  of  pixels  in  the 
source  image  is  reduced  to  a  single  pixel  in  the  destination  image.  This  is  the  case  when  the  user 
zooms  out  to  view  a  larger  portion  of  the  image  than  will  fit  directly  (100%)  inside  the  image’s 
window.  For  example,  if  an  image  is  reduced  by  a  factor  of  2,  each  2x2  block  of  pixels  in  the 
source  image  is  represented  by  a  single  pixel  in  the  destination  image. 

In  past  efforts,  the  image  expansion  method  expanded  each  source  image  pixel  in  the  horizontal 
and  vertical  dimensions  by  the  enlargement  factor.  This  method  is  appropriate  for  recognition 
applications,  where  it  is  desirable  to  view  the  actual  pixel  data,  rather  than  a  more  visually 
appealing  representation  that  smoothing  algorithms  can  provide.  Image  reduction  utilized  a 
sampling  method  where  the  source  image  was  sampled  at  reduction  factor  intervals  in  the 
horizontal  and  vertical  dimensions.  This  method  is  fast,  but  yields  poor  image  quality.  As  the 
reduction  factor  increases,  image  quality  rapidly  decreases.  An  example  of  image  reduction 
using  the  sampling  method  is  shown  in  Figure  4.10-1.  As  this  image  illustrates,  not  only  is  the 
text  unreadable,  the  structure  of  the  image,  in  this  case  a  table,  is  unrecognizable.  For  this 
reason,  a  method  that  provides  higher  quality  image  reduction  at  an  acceptable  level  of 
performance  is  desirable. 
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Figure  4.10-1  Image  Reduction  Using  Sampling  Method 

The  approach  taken  for  improving  the  quality  of  image  reduction  is  a  simple  averaging 
technique.  It  works  by  dividing  the  source  image  into  blocks  with  width  and  height  equal  to  the 
desired  reduction  factor.  It  then  computes  the  average  pixel  value  for  the  block  and  uses  this 
fraction  to  compute  a  gray  scale  value  that  is  used  for  the  corresponding  pixel  in  the  destination 
image. 

The  bulk  of  the  algorithm  and  the  most  time  consuming  part  of  this  approach  is  in  counting  the 
pixels  that  are  set  in  the  blocks.  The  brute  force  method  would  be  to  construct  a  bit  test  mask  to 
test  each  bit  individually,  shifting  between  tests  to  position  the  mask  for  the  next  test.  This 
method  would  work,  but  would  be  very  inefficient  due  to  the  redundancy  of  reading  the  same 
byte  more  than  once  in  combination  with  the  shifting  required  between  tests.  Another  problem 
is  due  to  the  fact  that  block  rows  can  cross  byte  boundaries.  This  means  that  following  each 
shift  of  the  bit  mask  is  a  test  of  the  bit  mask.  If  the  condition  is  true,  the  source  image  pointer 
has  to  be  advanced,  and  the  bit  mask  reinitialized.  These  two  problems  together  result  in  at  least 
two  tests  and  a  shift  per  source  image  pixel.  This  makes  for  an  inefficient  inner  loop  that,  if 
possible  should  be  avoided. 

As  stated  above,  one  significant  problem  with  the  brute  force  approach  is  that  it  operates  on  the 
image  one  pixel  at  a  time.  To  improve  on  this,  masks  with  multiple  bits  set  can  be  constructed 
in  order  to  examine  only  the  image  bits  of  interest.  These  masks  can  be  stored  in  Look-Up 
Tables  (LUT),  and  accessed  with  the  x-coordinate  of  the  source  pixel  modulus  8  used  as  the 
index  into  the  LUTs.  Once  the  masks  are  determined,  they  can  be  used  to  mask  out  the 
unwanted  bits  of  the  current  source  image  byte.  The  resulting  value  can  then  be  used  as  an 
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index  into  another  LUT  containing  the  number  of  Is  contained  in  the  index.  For  example, 
element  0  would  equal  0;  elements  1,  2,  4,  and  8  would  equal  1;  elements  3,  5,  and  6  would 
equal  2;  etc.  This  value  can  then  be  added  to  the  accumulated  value  in  the  current  destination 
location. 

Another  potential  optimization  was  realized  while  observing  that  the  masks  and  pixel  address 
increments  that  were  being  computed  for  each  row  were  the  same  for  all  rows.  This  led  to  the 
idea  of  pre-computing  them  once  at  the  beginning  of  the  routine,  and  using  them  for  the  entire 
image.  These  optimizations  resulted  in  a  tight  inner  loop  through  extensive  use  of  pre-computed 
arrays  and  LUTs.  The  speed  improvement  was  significant.  The  results  as  applied  to  the  test 
image  are  shown  in  Figure  4.10-2. 


IP*  :  ;c 

=  A1-F18AC-4 50-200  002  00 

* 

j  Md  IW  MBMW 

EffMrtwny  »— 

MB 

1 

i 

rt*rrj  vvr  '.if 

i**ir.A>K  F'A  iw. 
ts  -W-4 

F  A  1M-  r/A  l iM 

iii  i>m.  m  C  a  ua 

r'A.tw,  r* 

-m  Wl  l«U 

i 

i 

] 

i 

i 

r: *  iu 

K*jtv**+  +  pmwwt  r.A 

r  \  i  ma 

7*  u# 

*401  .-*w»  u.  ta  f  *  i<&  No  mm  FA  IAA.  f.'A  ir,  aad 

r.  a  ijo 

rr*  iac 

u,ji  r  t  inr.Nri  »<*►*.***.  ».•».!»  <m 

t<\  taD 

r:  a  itc 

KaUvm**  «4rtUCNlMrA  l«A,  F.'A-MH.  mi 

fa  i«r 

f >k  IMA.  FA-IAT 

*•  j  r  A  ^  r  A  MMfA  ui 

W: 4- 1  Oi 

**  ^r«A  i*c 

T'*  «  llO  In*  DM  F'A  1** 

mi  *  ■  A  1*C 

tar**.  }<rr>  thwj  iwn 

•  >v>  u  mm  Wtw  «iw»»ri  «<  F'AtAA  M 

'« 

JkA-IHT  MUTT  t+MJb  TUN*  1  |UM 

0»t*  «•*»'**»<•  ~f  *»»«»  *  »'■*  m‘. 

utkT  A.UU  rmm  <i  •  FA  IU>  Nw  «*»■ 
W  m  M>y«  >N»  Hat  in 

FA  l«M  ',«•*«  ANI>  t  If 

VM  much-  m  mm*  Nm  »fLn  nr  f '  A.IKA  <U* 
(UkraiM 

Wt  u  wm*  «wlm  a***! 

F'A  ifRAVTMFt;  l««*’ 

t»  —  v— .  a  fa  uii  M- 

idAdNiMWfl  AW-'xttdU'A  JCkixw  ■■» 
hr  m  -*i  V*  w!**. 

FA  IfN  i-TW  AfO  l»*  »  A  IAT* 

l  AW  *AC* 

wWU^ir<A!l(  M*/ar A  lUuwnaN*  • 
MM  tA»  WIM*  M  Ain  NitaM*  -  y  r  »  J»l 
wmI* 

Figure  4.10-2  Using  Precomputed  Arrays  and  LUTs 

This  approach  produces  acceptable  images  and  is  efficient,  but  does  have  a  limitation.  Because 
an  8-bit  gray  scale  image  is  used  for  the  destination  image,  the  maximum  number  of  pixels  that 
can  be  counted  is  255.  Thus,  the  minimum  reduction  factor  is  1 5,  or  1/1 5th  of  its  original  size. 

4.11  Transparent  Editing  Utilities 

Observations  on  past  recognition  projects  have  indicated  that  a  large  percentage  of  the 
operator’s  time  is  spent  verifying  that  all  of  the  text  is  correct.  Approaches  taken  have  been 
adequate,  but  there  is  still  plenty  of  room  for  improvement.  Because  this  is  a  possible  bottleneck 
in  any  conversion  system,  it  is  worthwhile  to  pursue  different  approaches  in  an  attempt  to 
minimize  the  operator’s  text  QA  burden. 
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The  method  used  on  the  most  recent  conversion  project  steps  the  user  through  the  list  of  all  of  a 
page’s  text  primitives,  centers  the  text  in  the  window,  and  displays  a  modeless  dialog  allowing 
the  user  to  modify  the  text  if  necessary.  There  are  several  problems  with  this  approach.  First, 
the  dialog  box  sometimes  occludes  the  text  in  question,  thereby  forcing  the  user  to  move  the 
dialog  box  before  correcting  the  text.  Another  problem  is  that  the  text  as  shown  in  the  dialog 
box  is  not  similar  in  appearance  to  the  text  on  the  image.  The  size  and  font  differences  between 
the  two  pieces  of  text  make  it  difficult  for  the  user  to  efficiently  determine  what  changes,  if  any, 
need  to  be  made.  A  third  problem  is  the  positioning  of  the  text.  The  user  is  forced  to  look  back 
and  forth  between  the  two  pieces  of  text  in  order  to  determine  what  changes,  if  any,  need  to  be 
made.  This  wastes  time  and  is  tiring,  as  the  operator’s  eyes  have  to  continually  adjust  to  the 
different  text  sizes.  The  bottom  line  is  that  this  approach  works,  but  is  cumbersome  and  not 
very  efficient. 

The  basis  for  the  approach  taken  for  improving  the  text  QA  process  resulted  from  experience 
using  the  existing  method.  This  experience  allows  the  program  operator’s  view  to  be  input 
directly  into  the  design  of  the  software.  It  is  hoped  that  this  perspective  will  be  reflected  in  the 
text  QA  software. 

As  described  above,  there  are  three  problem  areas  that  were  targeted  for  improvement:  text 
occlusion,  text  font  and  size  discrepancies,  and  text  placement.  The  approach  taken  addresses 
each  of  these  areas,  and  improves  the  efficiency  of  the  process  significantly.  The  approach  is  to 
allow  the  text  candidates  to  be  edited  directly  over  their  bitmapped  representations.  The  text  is 
displayed  with  a  transparent  background  that  allows  the  bitmapped  text  to  show  through.  This 
method  has  the  potential  to  significantly  improve  the  text  QA  process.  The  direct  relationship 
between  the  text  and  the  bitmapped  image  allow  the  user  to  quickly  determine  if  changes  are 
necessary.  Correcting  the  text  is  also  more  straightforward,  since  the  text  is  entered  directly  over 
the  bitmapped  text. 

After  implementing  this  basic  approach,  it  was  noticed  that  the  overlaid  text  was  hard  to 
distinguish  from  the  image  text.  Many  text  colors  were  tried,  and  none  showed  up  very  well  on 
top  of  the  black  bitmapped  text.  To  improve  on  this,  the  image  text  (and  the  entire  image  for 
that  matter)  was  displayed  in  a  light  gray,  rather  than  the  normal  black.  This  improved  the 
visibility  tremendously.  An  example  of  the  new  text  QA  method  is  shown  in  Figure  4. 1 1  -1 . 
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9.  The  table  below  shows  examples  of  e 
notes  and  their  meanings: 


Figure  4.11-1  Example  of  New  Text  QA  Method 

Although  the  results  of  the  new  approach  show  promise,  there  is  still  quite  a  bit  of  work  to  be 
done  in  this  area.  Future  efforts  will  focus  on  the  overall  flow  of  the  QA  process,  as  well  as 
improvements  to  individual  text  item  editing  features. 


4.12  Database  Advances 

This  report  gives  a  detailed  synopsis  of  developmental  issues  related  to  MIL-D-87269  and  its 
implementation. 

4.12.1  Element  Discovery 

A  large  amount  of  initial  work  was  spent  researching  and  discussing  how  the  information  in  a 
technical  manual  should  be  mapped  out.  To  ensure  compliance  to  87269,  it  would  make  sense 
to  map  the  database  design  as  closely  as  possible  to  the  standard  for  technical  manuals.  We  are 
currently  in  the  process  of  studying  the  standard  and  showing  the  ways  that  information 
contained  in  a  technical  manual  can  be  mapped  into  87269. 

The  following  are  the  elements  that  will  be  supported. 
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4.12.2  Primitive  Element  Declarations 


Linking  Mechanism 

LINK 

HyTime 

NAME 

#FIXED  ‘ilink’ 

id 

ID 

#1MPLIED 

anchrole 

CD  AT  A 

#FIXED  ‘hotspot  target  #AGG’ 

linkends 

IDREFS 

#REQUIRED 

reftype 

CD  AT  A 

#FIXED  ‘linkends  linkendtypes  #SEQ’ 

extra 

NAMES 

‘A  A’ 

intra 

NAMES 

‘A  A’ 

endterms 

IDREFS 

#IMPLIED 

aggtrav 

NAMES 

agg 

Allows  links  to  several  elements  of  linkendtypes. 

HiLink 

Allows  for  HyTime  compliant  links. 

Linkendtypes 

Types  of  designation  links: 

link,  descinfo,  partinfo,  text,  table,  graphic,  audio,  video,  process,  para,  task,  partbase, 
dialog,  entry 

nameloc 

Defines  name  locations. 

Text 

text 


id 

ID 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

name 

CDATA 

#1MPLIED 

type 

CDATA 

#IMPL1ED 

itemid 

CDATA 

#IMPL1ED 

Text  string  with  embedded  data 
Contains: 

0  or  more  precond  elements 
0  or  more  link  elements 

Parsable  character  data  or  TEXT- ALTS  or  a  TEXT  element  grouped  to  occur  one  or 
more  times. 
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text-alts 

id  ID  #1MPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Adds  ability  to  have  context  sensitive  filtering  of  text. 


1  or  more  text  elements. 

Table 

table 


id 

ID 

#IMPLIED 

cdm 

IDREF 

“node” 

ref 

IDREF 

#CONREF 

name 

CD  AT  A 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

Defines  how  a  table  is  constructed. 

Contains: 

0  or  more  precond 
0  or  more  links 
0  or  more  rowhddef 

0  or  1  colhddef  and  1  or  more  entry  elements  grouped  to  occur  one  or  more  times. 

table-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  context  sensitive  filtering  of  tables. 

Contains: 

1  or  more  table  elements. 
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rowhddef 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

row  NUTOKEN  #REQUIRED 

Defines  a  row  header  for  a  specific  row  of  a  table. 

Contains: 

1  text  entity. 

colhddef 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

colnum  NUTOKEN  #REQUIRED 

Defines  a  column  header  for  a  specific  column  of  a  table. 

Contains  one  text  entity. 

Entry 

id  ID  #1MPLIED 

ref  IDREF  #CONREF 

colnum  NUTOKEN  #REQUIRED 

row  NUTOKEN  #REQUIRED 

Defines  an  entry  for  a  cell  of  a  table. 

Contains: 

Either  a  TEXT  or  GRAPHIC  entity. 
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Graphics 

graphic 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

ref 

IDREF 

#CONREF 

itemid 

CDATA 

#IMPLIED 

minsize 

NUTOKENS 

#IMPLIED 

penshape 

CDATA 

#IMPLIED 

penatt 

CDATA 

#IMPLIED 

transfrm 

NUTOKEN 

#IMPLIED 

window 

NUTOKEN 

#IMPLIED 

Represents  a  composite  graphic  made  of  GRPHPRIM  or  other  GRAPHIC. 
Contains: 

0  or  more  precond  elements. 

0  or  more  link  elements. 

1  or  more  members  of  graphic  entity. 

graphic-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  contexts  sensitive  filtering  or  graphics. 

Contains: 

1  or  more  graphic  elements. 
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grphprim 

id 

cdm 

ref 

name 

type 

itemid 

coding 

minsize 

penshape 

penpatt 

transfrm 

x-location 

y-location 

window 


ID  #IMPLIED 

NAME  “node” 

IDREF  #CONREF 
CD  AT  A  #1MPLIED 
CDATA  #1MPLIED 
CD  AT A  #IMPLIED 

(cgmchar,  cgmbin,  cgmclear,  fax,  iges,  dxf,  gks)  cgmbin 
NUTOKENS  #IMPLIED 
CDATA  #IMPLIED 

CDATA  #IMPLIED 
NUTOKEN  #IMPLIED 
NUTOKEN  #IMPLIED 
NUTOKEN  #IMPLIED 
NUTOKENS  #IMPLIED 


A  single  graphic  component  that  when  combined  with  other  primitives  becomes  a  composite 
graphic. 

Contains: 


0  or  more  PRECOND  elements. 
0  or  more  LINK  elements. 

1  TEXT  entity. 
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grphprim-alts 

id  ID  #1MPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  graphic  primitives. 

Contains: 

1  or  more  grphprim  elements. 

Audio,  Video,  and  Process 
audio 

%a.node; 

external -ptr  IDREF  #REQUIRED 

Allows  audio  in  the  technical  information.  This  element  is  incomplete  in  the  standard. 

Can  contain: 

0  or  more  precond. 

0  or  more  link. 
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audio-alts 

%audio-alts 


Allows  context  sensitive  filtering  of  audio  sequences. 
Can  contain: 


1  or  more  audio. 


video 


id 

ID 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

name 

CD  AT  A 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

extemal-ptr 

IDREF 

#REQUIRED 

Used  to  link  to  a  video  sequence  from  the  technical  info. 
Contains: 


0  or  more  precond  elements. 
0  or  more  link  elements. 
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video-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  video  sequences. 

Contains: 

1  or  more  video  elements. 


process 

id 

ID 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

name 

CDATA 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

extemal-ptr 

IDREF 

#REQUIRED 

Used  to  represent  an  external  software  process. 
Contains: 

0  or  more  precond  elements. 

0  or  more  link  elements. 

0  or  more  parameter  elements. 

process-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  processes. 

Contains: 

1  or  more  process. 
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parameter 

mode 


in,  out,  in-out 


in 


M 


Used  to  pass  parameters  to  or  from  external  software  PROCESS. 
Contains: 


1  expression  element. 


Dialogs 

dialog 

id 

ID 

#IMPLIED 

cdm 

NAME 

‘node’ 

ref 

IDREF 

#CONREF 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

agent 

CDATA 

‘human’ 

Allows  for  retrieval  of  info  from  the  user. 

Contains: 

0  or  more  PRECOND. 

0  or  more  LINK. 

0  or  more  TEXT. 

1  or  more  (DIALOG,  FILLIN,  MENU,  SELECTION), 
dialog-alts 

id  ID  #IMPLIED 

cdm  NAME  ‘node-alts’ 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  dialogs. 

Contains: 

1  or  more  dialogs. 
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Fillin 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

Defines  a  fill  in  the  blank  question. 

Contains: 

0  or  more  links. 

1  prompt  element. 

1  property  element. 

0  or  one  text  entity. 

0  or  one  generic  range  element. 

Generic-range 
cContains  no  attributes> 

Provides  a  mechanism  for  defining  valid  range  checking  for  fillin  elements. 

Contains: 

The  set,  the  sequence  or  the  num-range  element. 

num-range 

<No  attributes  defined.> 

Identifies  the  maximum  and  minimum  allowable  number  range. 

Contains: 

1  low-bound  element. 

1  high-bound  element. 

low-bound 

<No  attributes  defined.> 

Identifies  the  minimum  allowable  number  for  a  numeric  entry  of  a  fill-in-the-blank  prompt. 
Contains: 

1  integer  or  real  element. 
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high-bound 

<No  attributes  defined> 

Identifies  the  maximum  allowable  number  for  a  numeric  entry  of  a  fill-in-the-blank  prompt. 
Contains: 

1  integer  or  real  element. 

Menu 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

select  (single  I  multiple)  ‘single’ 

Defines  a  menu  for  user  interaction.  Consists  of  a  PROMPT  followed  by  one  or  more  CHOICE 
elements. 

Contains: 

0  or  more  link 
1  prompt  element 
1  or  more  choice  elements 

prompt 

id  ID  #IMPLTED 

ref  IDREF  #CONREF 

Defines  the  prompt  to  be  displayed  to  the  user  for  the  presentation  of  a  FILLIN  or  MENU. 
Contains: 

text  or  graphic  entity. 


choice 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

default  (yes  I  no)  no 

Defines  a  choice  in  a  menu. 

Contains  the  text  or  graphic  entity  and  one  or  more  assertions  or  a  dialog. 
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Selection 

id 

ref 


ID 

IDREF 


#IMPLIED 

#CONREF 


Provides  the  ability  of  creating  of  creating  a  special  menu  that  allows  selection. 

Contains: 

1  link  followed  by  1  or  more  assertion  or  dialog  elements.  This  entire  grouping  can 
occur  1  or  more  times. 

1  text,  table  or  graphic  element. 

Context  Filtering  Element  Declarations 
precond 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

Contains  an  expression  that  identifies  the  conditions  that  must  be  present  to  display  the 
technical  info. 

Contains: 

1  expression  element. 

postcond 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

Asserts  the  value  of  an  EXPRESSION  to  a  PROPERTY  when  a  user  completes  some  action. 
Contains: 

1  assertion  element. 
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binop 

unop 

value 

expression 

id 

ID 

#IMPLIED 

ref 

IDREF 

#IMPLIED 

Allows  for  the  creation  of  mathematical  expressions  to  be  used  for  preconditions  and  post 
conditions. 

Contains: 

one  expression,  %binop,  expression,  or 
one  %unop,  expression,  or 
one  property,  or 
one  value. 

assertion 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

Used  to  make  an  assertion  from  within  the  content  model  of  an  application  specific  element. 

Can  contain: 

Property. 

Expression. 


eq 

ne 

It 

gt 

le 

ge 

and 

plus 

minus 

times 

divide 

intersect 

set-diff 

member 

subset 

or 

xor 
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concat 

substring 

idivide 

exponent 

mod 

union 

disjjoint 

apppend 

subsequence 

not 

empty 

size 

head 

tail 

neg 

trunc 

float 

undef 

max 

min 

add 

remove 

index 

index-value 

property 

id  ID  #IMPLIED 

ref  IDREF  #CONREF 

type  CDATA  #REQUIRED 

value-type  CDATA  ‘general’ 

Contains  parsable  character  data  that  represents  the  property  (variable)  name. 
Contains: 

Parsable  character  data. 


boolean 

string 

real 

integer 

set,  sequence 

nil 
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Techinfo  Declaration 
techinfo 

HyTime  NAME 

“HyDoc” 

boslevel 

NUMBER 

#IMPLIED 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPL1ED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Represents  the  top  layer  of  technical  info.  This  is  the  root  element  of  the  87269  default  content 
layer. 

Contains: 


1  or  more  version  elements. 

1  or  more  members  of  the  system  entity. 


System  Declaration 
system 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#1MPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#1M  PLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Defines  the  vehicle/system/subsystem/subassembly  hierarchy  for  the  weapon  system. 

Contains: 

0  or  more  precond 
0  or  more  members  of  system  entity 
0  or  more  members  of  descinfo  entity 
0  or  more  members  of  task  entity 
0  or  more  members  of  partinfo  entity 
0  or  more  members  of  faultinf  entity 
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system-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  elements. 

Contains: 

1  or  more  system. 

Version  Declaration 
version 

id  ID  #IMPLIED 

name  CDATA  #IMPLIED 

type  CDATA  #IMPLIED 

itemid  CDATA  #IMPLIED 

cdm  NAME  #FIXED 

ref  IDREF  #CONREF 

revision  NMTOKEN  #REQUIRED 

revdate  NUMBERS  #REQUIRED 

changeno  NUMBERS  #REQUIRED 

chgdate  NUMBER  #REQUIRED 

deleted  NMTOKENS  #IMPLIED 

Identifies  the  currency  of  the  data  by  providing  the  last  revision  information  and  change 
information  necessary  for  taking  delivery  of  partial  databases. 

Contains: 


0  or  1  members  of  text  entity. 


i 


Descriptive  Information  Declaration 
descinfo 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#1MPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Used  to  define  general  purpose,  non-procedural  ,  narrative  information  which  are  associated 
with  a  system. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  para-seq  element. 

0  or  more  postcond. 

descinfo-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  descriptive  information. 

Contains: 

1  or  more  descinfo. 


103 


Para  Declaration 
para 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Identifies  a  piece  of  text  to  be  displayed. 

Contains: 

0  or  more  precond 
1  or  more  members  of  sum-prims 
0  or  1  para-seq 
0  or  more  postcond 

para-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  paragraph  information. 

Contains: 

1  or  more  para. 

para-seq 

id  ID  #IMPLIED 

cdm  NAME  “node-seq” 

ref  IDREF  #CONREF 

Provides  the  ability  to  create  sequences  of  paragraphs. 

Contains: 

1  or  more  descinfo,  para-alts,  if-para,  loop-para. 
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if-para 

id  ID  #IMPLIED 

cdm  NAME  “node” 

ref  IDREF  #CONREF 

Allows  for  conditional  selection  of  paras  depending  on  an  expression. 

Contains: 

1  expression. 

1  para-seq. 

0  or  1  para-seq. 

loop-para 

id  ID  #IMPLIED 

cdm  NAME  “loop-node” 

ref  IDREF  #CONREF 

Provides  the  ability  of  looping  through  a  sequence  of  para’s. 

Contains: 

0  or  1  assertion. 

1  expression. 

0  or  1  assertion. 

1  para-seq. 
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Task  Declaration 
task 


id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

esttime 

NUTOKEN 

#IMPLIED 

operability 

CDATA 

#IMPLIED 

servicesdes 

CDATA 

#IMPLIED 

Set  of  directive  steps  that  make  up  a  specific  maintenance  procedure. 
Contains: 

0  or  more  precond. 

0  or  more  link. 

1  member  of  input  entity. 

1  step-seq  element. 

0  or  more  members  of  follow-on  entity. 

0  or  more  postcond. 

task-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  tasks. 

Contains: 


1  or  more  task. 


Input  Declaration 
input 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Contains  the  personnel  required,  the  consumable  used,  the  equipment  used,  and  the  required 
conditions  for  accomplishing  a  given  task. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

0  or  more  members  of  alert  entity. 

0  or  more  members  of  recond. 

1  or  more  members  of  person. 

0  or  more  members  of  refmat. 

0  or  more  members  of  equip. 

0  or  more  members  of  expend. 

0  or  more  members  of  consum. 

input-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  input  conditions. 

Contains: 

1  or  more  input. 
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Required  Condition  Declaration 
reqcond 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Contains  a  list  of  preliminary  conditions  that  must  be  met  prior  to  beginning  a  task. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

0  or  more  members  of  text  entity. 

1  expression  element. 

1  member  of  task  or  step  entity. 

0  or  more  assertion. 

0  or  more  postcond. 

reqcond-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  required  conditions. 

Contains: 

1  or  more  reqcond. 
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Reformat  and  Expend  Declarations 
refmat 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

desig 

CDATA 

#REQUIRED 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Used  to  support  inclusion  of  reference  material. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

0  or  one  members  of  text. 

refmat-alts 

id  ID  #1MPLIED 

cdm  NAME  “node-alts” 

ref  1DREF  #CONREF 

Allows  for  context  sensitive  filtering  of  reference  materials. 

Contains: 

1  or  more  refmat. 
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expend 

version 

status 

quantity 

id 

name 

type 

itemid 

cdm 

ref 


IDREF 
“u”  or  “a” 
NUTOKEN 

ID 

CDATA 
CD  AT  A 
CDATA 
NAME 
IDREF 


#REQUJRED 

“a” 

#REQUIRED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

“node” 

#CONREF 


Lists  expendable  materials  used  during  a  task. 


0  or  more  precond 
0  or  more  link 

0  or  1  member  of  partbase  entity 
0  or  more  consum  elements. 


expend-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  expendables. 

Contains: 


1  or  more  expend 
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Person  Declaration 


person 

version  IDREF  #REQUIRED 

status  “u”  or  “a”  “a” 

quantity  NUTOKEN  #REQUIRED 

id  ID  #IMPLIED 

name  CD  AT  A  #IMPLIED 

type  CDATA  #IMPLIED 

itemid  CDATA  #IMPLIED 

cdm  NAME  #FIXED 

ref  IDREF  #CONREF 


Used  to  identify  the  personnel  requirements  for  a  given  task. 


Contains: 


0  or  more  precond. 

0  or  more  link. 

0  or  more  members  of  text. 

person-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  personnel  information 

Contains: 

1  or  more  person. 
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Equipment  Declaration 
equip 

version  IDREF 


status  “u”  or  “a” 

quantity  NUTOKEN 

id  ID 

name  CDATA 

type  CDATA 

itemid  CDATA 

cdm  NAME 

ref  IDREF 


#REQUIRED 

“a” 

#REQUIRED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

“node” 

#CONREF 


Identifies  the  equipment  needed  to  perform  a  particular  task. 


Contains: 


0  or  more  precond 
0  or  more  link 

0  or  more  members  of  equip  entity 
0  or  more  members  of  text  entity 
1  member  of  partbase  entity 


equip-alts 

id 

ID 

#IMPLIED 

cdm 

NAME 

“node-alts” 

ref 

IDREF 

#CONREF 

Allows  for 

context  sensitive  filtering  of  equipment  elements 

Contains: 

1  or  more  equip  elements. 
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Consumable  Declaration 
consum 
id 

name 


type 

itemid 

cdm 

ref 

version 

status 

govstd 

mfgcode 

mil  spec 

quantity 

unit  of  measure 


ID 

CDATA 

CDATA 

CDATA 

NAME 

IDREF 

1DREF 

“u”  or  “a” 

CDATA 

CDATA 

CDATA 

NUTOKEN 

NMTOKEN 


#IMPLIED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

“node” 

#CONREF 

#REQUIRED 

“a” 

#IMPLIED 

#1MPLIED 

#IMPLIED 

#REQU1RED 

#IMPLIED 


Identifies  all  the  consumables  required  for  the  completion  of  a  task. 
Contains: 


0  or  more  precond. 

0  or  more  link. 

0  or  1  member  of  the  partinfo  entity. 

0  or  more  members  of  the  consum  entity. 

consum-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  equipment  elements. 

Contains: 

1  or  more  consum  elements. 
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Alert  Declaration 
alert 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#1MPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPL1ED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

Identifies  an  alert  message  that  may  accompany  a  task  or  step. 
Contains: 

0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  text  entity. 

0  or  more  members  of  graphic  entity. 

alert-alts 

id  ID  #1MPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  filtering  of  alerts. 

Contains: 

1  or  more  alerts. 


114 


Step  Declaration 
step 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

esttime 

NUTOKEN 

#IMPLIED 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Primary  component  of  a  maintenance  procedure, 

Contains: 

0  or 

more  precond. 

0  or 

more  link. 

0  or 

more  members  of  sub-prims. 

0  or 

1  step-seq  element. 

Oor 

more  postcond. 

step-alts 

id 

ID 

#IMPLIED 

cdm 

NAME 

“node-alts” 

ref 

IDREF 

#CONREF 

Allows  for  context  sensitive  filtering  of  steps. 
Contains: 

1  or  more  step. 

step-seq 

id  ID  #IMPLIED 

cdm  NAME  “node-seq” 

ref  IDREF  #CONREF 

Provides  the  ability  to  create  sequences  of  steps. 

Contains: 


1  or  more  occurrences  of  (step,  step-alts,  if-step,  loop-step,  task,  task-alts). 
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if-step 

id  ID  #IMPL1ED 

cdm  NAME  “if-node” 

ref  IDREF  #CONREF 

Allows  for  conditional  selection  of  steps  depending  on  an  expression. 
Contains: 

1  expression  element. 

1  step-seq  element. 

0  or  1  step-seq  element. 

loop-step 

id  ID  #  IMPLIED 

cdm  NAME  “loop-node” 

ref  IDREF  #CONREF 

Provides  the  ability  of  looping  through  a  sequence  of  steps. 

Contains: 

0  or  1  assertin. 

1  expression. 

0  or  1  assertion. 

1  step-seq. 


116 


Follow  on  Declaration 
follow-on 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

A  maintenance  condition  that  must  be  accomplished  sometime  following  the  completion  of  a 
task  to  cleanup  or  undo  actions  performed  during  the  task. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

0  or  1  member  of  text  entity. 

1  expression  followed  by  either  a  member  of  task  or  step  entity,  followed  by  0  or  more 
assertion  elements. 

0  or  more  postcond. 

follow-on-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  follow-on  instructions. 

Contains: 

1  or  more  follow-on. 


117 


Parts  Information 
partinfo 


id 

ID 

#IMPLIED 

name 

CD  AT  A 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CD  AT  A 

#IMPLIED 

cdm 

NAME 

#FTXED 

ref 

IDREF 

#CONREF 

version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

indexnum 

NUTOKENS 

#IMPLIED 

lru 

NUTOKENS 

#IMPLIED 

mtbf 

CDATA 

#IMPLIED 

refdes 

CD  AT  A 

#IMPLIED 

replvl 

NUTOKEN 

#IMPLIED 

unitsper 

NUTOKEN 

#IMPLIED 

usablon 

NUTOKEN 

#IMPLIED 

Describes  the  maintained  view  of  the  part  information. 
Contains: 


0  or  more  precond. 

0  or  more  link. 

0  or  more  members  of  partinfo. 

1  or  more  members  of  partbase. 

0  or  more  members  of  connection. 

0  or  more  members  of  attach-part. 

0  or  more  members  of  text. 

0  or  more  members  of  graphic. 

0  or  more  members  of  location. 

partinfo-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  parts  information. 

Contains: 

1  or  more  partinfo. 
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Partbase  Information 
partbase 


id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

cage 

NUTOKENS 

#REQUIRED 

fsc 

CDATA 

#REQUIRED 

partnum 

CDATA 

#REQUIRED 

smr 

CDATA 

#REQU1RED 

nsn 

CDATA 

#REQUIRED 

pmic 

CDATA 

#IMPLIED 

cac 

NUTOKEN 

#IMPLIED 

qpei 

NUTOKEN 

#IMPL1ED 

hci 

(Y1  INI) 

“Nl” 

lox 

(Y2  1  N2) 

“N2” 

esds 

(Y3  1  N3) 

“N3” 

qec 

(Y4  1  N4) 

“N4” 

magnetic 

(Y5  1  N5) 

“N5” 

Describes  the  supply  systems  view  of  the  part  information. 
Contains: 


0  or  more  precond. 

0  or  more  link. 

0  or  more  members  of  partbase. 

0  or  one  text. 

0  or  more  members  of  location. 

partbase-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  1DREF  #CONREF 

Allows  for  context  sensitive  filtering  of  Base  Supply  parts 

Contains: 


1  or  more  partbase. 
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Connecting  and  Attaching  Parts  Declaration 
connection 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

Identifies  a  connection  between  2  part  info  elements. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  or  more  partinfo  entities. 

connection-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  connection  elements. 

Contains: 


1  or  more  connection  elements. 


attach-part 

version 

IDREF 

#REQU1RED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CD  AT  A 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#IMPLTED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

Identifies  all 

of  the  attaching  parts  required 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  the  partinfo  entity. 

attach-part-alts 

id  ID  #IMPL1ED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  ATTACH-PART. 

Contains: 

1  or  more  attach-part  elements. 
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Location  Declaration 
location 


id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

version 

IDREF 

#REQUIRE 

status 

“u”  or  “a” 

“a” 

location-x 

NUTOKENS 

#IMPLIED 

location-y 

NUTOKENS 

#IMPLIED 

location-z 

NUTOKENS 

#IMPLIED 

Provided  information  for  physical  assessment. 
Contains: 

0  or  more  precond. 

0  or  more  link. 

location-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  locations. 

Contains: 

1  or  more  location. 
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Fault  Information  Declaration 
faultinf 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

Used  to  define  all  the  tests  and  faults  associated  with  the  system  that  refers  to  it. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  test  entity. 

0  or  more  members  of  fault  entity. 

faultinf-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  fault  information. 

Contains: 

1  or  more  faultinf. 
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Test  Declaration 

test 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CDATA 

#1M  PLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

agent 

CDATA 

“human” 

range 

CDATA 

#IMPLIED 

Indicates  a  diagnostic  test  that  will  lead  to  outcomes  and  guide  the  technician  toward  a 
rectification  during  troubleshooting. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  member  of  task  entity. 

1  or  more  members  of  outcome  entity. 

test-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  tests. 

Contains: 

1  or  more  test. 
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Outcome  Declaration 
outcome 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

id 

ID 

#IMPLIED 

name 

CD  AT  A 

#IMPLIED 

type 

CD  AT  A 

#IMPLIED 

itemid 

CD  AT  A 

#IMPLIED 

cdm 

NAME 

#FIXED 

ref 

IDREF 

#CONREF 

Represents  a  possible  outcome  from  a  test. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  expression. 

a  member  of  1  of  the  following  (fltstate,  test  or  fault,  0  or  1  member  of  fltstate)  Note  the 
nested  or  condition  when  resolving  this  content  model. 

outcome-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  outcomes  for  a  test. 

Contains: 

1  or  more  outcome. 
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Faultstate  Declaration 
fltstate 


version 

status 

weight 

id 

name 

type 

itemid 

cdm 

ref 


IDREF  #REQUIRED 

“u”  or  “a”  “a” 

NUTOKENS  #IMPLIED 

ID  #IMPLIED 

CD  AT  A  #IMPLIED 

CDATA  #IMPLIED 

CD  AT  A  #IMPLIED 

NAME  “node” 

IDREF  #CONREF 


Identifies  a  set  of  implicated  or  explicated  faults.  Implicated  fault  is  fault  suspected  of  being 
bad.  Explicated  fault  is  fault  known  to  be  good. 

Contains: 


0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  fault  entity. 

fltstate-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  fault  states. 

Contains: 


1  or  more  fltstate. 
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Fault  Declaration 
fault 


version 

IDREF 

#REQUIRED 

status 

“u”  or  “a” 

“a” 

mtbf 

CDATA 

#IMPLIED 

id 

ID 

#IMPLIED 

name 

CDATA 

#IMPL1ED 

type 

CDATA 

#IMPLIED 

itemid 

CDATA 

#IMPLIED 

cdm 

NAME 

“node” 

ref 

IDREF 

#CONREF 

Identifies  a  potential  failure  that  may  occur  on  a  weapon  system. 

Contains: 

0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  either  RECT  or  FLTSTAT  entities. 
1  or  more  members  of  system  entities. 

fault-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  fault  information. 

Contains: 

I  or  more  fault. 
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Rectification  Declaration 
rect 

id  ID 

name  CDATA 

type  CDATA 

itemid  CDATA 

cdm  NAME 

ref  IDREF 

version  IDREF 

status  “u”  or  “a” 

action  “swap”  or  “maint” 

agent  CDATA 


#IMPLIED 

#IMPLIED 

#IMPLIED 

#IMPLIED 

#FTXED 

#CONREF 

#REQUIRED 

“a” 

“maint” 

“human” 


Identifies  the  prescribed  task  that  will  repair  the  fault  causing  the  discrepancy  and  all  other  faults 
that  could  be  fixed  be  the  rectification. 


Contains: 


0  or  more  precond. 

0  or  more  link. 

1  or  more  members  of  task. 

1  or  more  members  of  fault. 

1  member  of  system. 

0  or  more  members  of  test. 

rect-alts 

id  ID  #IMPLIED 

cdm  NAME  “node-alts” 

ref  IDREF  #CONREF 

Allows  for  context  sensitive  filtering  of  rectifications. 

Contains: 


1  or  more  rect. 


128 


4.13  Exploration  Into  Element  Implementation 

Time  in  this  area  was  spent  taking  the  elements  defined  from  MIL-D-87269  from  previous 
analysis  and  implementing  them  as  a  database  schema.  The  target  database  is  Oracle 
Release  7.3.2. 1 .0  running  on  an  HP  9000.  We  are  currently  using  ERWin  to  define  the  schema. 

There  are  many  issues  concerning  the  database  that  need  to  be  resolved.  Since  the  tables  defined 
in  MIL-D-87269  are  for  the  final  representation  of  the  IETM,  it  does  not  sufficiently  cover  the 
tables  needed  to  represent  intermediate  information  created  by  the  conversion  process. 
Information  such  as  raw  text  and  graphics,  grammars  and  rules  needed  for  natural  language 
processing,  as  well  as  partially  converted  information  generated  by  the  conversion  process. 
Currently  these  issues  are  unresolved  and  will  be  discussed  in  further  detail  as  solutions  are 
devised. 

4.14  Detailed  Element  Examination 

The  following  are  elements  that  have  been  identified  in  the  manual  A1-F18AE-580-200.  This  is 
the  first  part  of  an  effort  to  formulate  a  guide  meant  to  be  used  to  help  properly  and  uniformly 
classify  elements  as  they  appear  in  a  manual.  Each  element  described  here  has  a  brief 
description,  a  list  of  the  properties  that  help  uniquely  identify  this  element  in  the  manual,  a  list 
of  which  elements  the  current  element  can  be  derived  from,  and  an  example  of  the  element. 


The  following  elements  are  not  directly  obtained  by  the  conversion  process:  audio,  audio-alts, 
video,  video-alts. 


4.14.1  System 

Defines  the  hierarchy  of  the  weapon  system.  It  must  be  created  for  any  component  that  has 
associated  technical  information. 

Properties  of  element: 

Placement  on  a  page. 

Format  of  content. 

Domain  of  element: 

Can  exist  only  in  techinfo,  system,  system-alt,  rect,  or  fault  elements. 


129 


Example  of  element: 


1  March  1996  Page  1/(2  blank) 


ALPHABETICAL  INDEX 
ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 
FLIGHT  INCIDENT  RECORDER  AND  MONITORING  SYSTEM 


Title  WP 

Number 

Circuit  Breakers .  004  00 

Component  Locator  ■ 

Deployable  Plight  Incident  Recorder  Set  (I)  FI  US) .  OK!  00  I 

Flight  Incident  Recorder  mu  I  Monitoring  SysLein .  0(10  00  | 

Introduction . IMK!  IK) 

Diagrams .  002  00 

EfTectivities . . . ; .  002  00 

Illustrated  Parts  Breakdown .  002  00 

Manual  Issue  Date .  002  H) 

Navy  (AN)  SI andnrd/( 'omttton  Name  Nomenclature . .  (H)2 

Pur|><»sc .  002  00 

Quality  Assurance  I'ronslurcs .  (M)2  00 

Itircord  ot  Applicable  Technical  Directives . IKK’  00 

Requisitioning  and  Distribution  of  NAVAIR  Technical  Pobhcnl  ions .  002  (Ht 

'Technical  Direct ives .  00‘2  00 

'Technical  Publications  Deficiency  Report  ('TPI)K) . <>02  00 

'l  est  Procedures .  002  00 

Troubleshooting .  00*2  00 

List  of  Technical  Publication  Deficiency  Reports  Incortioratcd .  'TPDR-l  | 

Memory  Inspect  Data .  000  (H) 

Rec*  lor  -  Monitoring  Sol  AN/ASQ-PM  'lest . .  00r*  *0 

Troii  leshooting 

Deployable  Flight,  Incident  Uocorder  Sot  (DFIRS)  .  <)lfi  00 

Memory  Unit  . O0S  00 

\ose  Wheel  we  1 1  Digital  Display  Indicator  .  000  00 

signal  Data  (Computer . 007  on 

Strain  Cages  -  Part  1 . 010  00 

Strain  Cages  -  Part  II . Oil  pp 

Work  Package  Index .  inn  ui  ■ 


Figure  4.14.1-1  Example  of  System 
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4.14.2  Version 

Provides  revision  information  and  change  information. 


Properties  of  element: 

Contains  the  date  of  publication  for  the  technical  manual. 


Domain  of  element: 

Can  exist  only  in  techinfo,  but  can  be  referenced  by  system,  descinfo,  para,  task,  input, 
reqcond,  refmat,  expend,  person,  equip,  consum,  alert,  step,  follow-on,  partinfo,  partbase, 
connection,  attach-part,  location,  faultinf,  test,  outcome,  fltstate,  fault,  or  rect  elements. 
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Example  of  element: 


A1-F18AE-580-200 

fi  March  1996  ! 


TECHNICAL  MANUAL 


ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 

FLIGHT  INCIDENT  RECORDER  AND 
MONITORING  SYSTEM 

NAVY  MODEL 

F/A-18C  AND  F/A-18D 


This  manual  supersedes  A1-F1BAE-580-200,  dated  1  April  1989,  changed 
1  September  1994. 


DISTRIBUTION  STATEMEN"  C.  Distribution  authorized  to  US  Government  agencies 
and  their  contractors  to  protect  publications  required  for  official  use  or  for 
administrative  or  operational  purposes  only  15  October  1987.  Other  requests  for  this 
document  shall  be  referred  to  Commanding  Officer,  Naval  Air  Technical  Services 
Facility.  700  Robbins  Avenue,  Philadelphia,  PA  19111*5097. 


DESTRUCTION  NOTICE  -  For  unclassified,  limited  documents,  destroy  by  any  method 
that  will  prevent  disclosure  of  contents  or  reconstruction  of  the  document. 


Published  by  Direction  of  the 
Commander,  Naval  Air  Systems  Command 


Figure  4.14.2-1  Example  of  Version 
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4.14.3  Precond 


Contains  an  expression  that  identifies  the  conditions  that  must  be  present  to  display  the 
technical  information. 

Properties  of  element: 

Effectivity  symbols  on  the  page. 

Heading  of  effectivity. 

Sentences  in  legends  containing  terms  that  denote  inclusion/exclusion  from  a  set  (applies 
for  .......  and  up, ...  thru 


Domain  of  element: 

Can  exist  only  in  text,  table,  graphic,  grphprim,  audio,  video,  process,  dialog,  system, 
descinfo,  para,  task,  input,  reqcond,  refmat,  expend,  person,  equip,  consum,  alert,  step, 
follow-on,  partinfo,  partbase,  connection,  attach-part,  location,  faultinf,  test,  outcome, 
fltstate,  fault,  or  rect  elements. 
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Example  of  element: 


A1-F18AE-580-200  005  00 


Page  8 

Table  2.  Maintenance  Action  For  System  Maintenance  Codes  (Continued) 


Maintenance 

Code 

Troubleshooting  for  Maintenance  Codes 

1  3  »  320 

DFIRS  memory  test  fail.  Replace  DFIRS  signal  data  recorder 
(A1-P18AE-580-300,  WP01.3  00). 

l~~5~»321 

DFIHS  signal  data  recorder  fail.  Replace  DFIRS  signal  data  recorder 
(AI-FL8AK-580  300,  WI»0I3  00). 

nr>  322 

DFIRS  data  Irunsfcr  interface  unit  fail,  lit;  pi  ace  DFIRS  data  transfer  interface 
unit  (AI-FI8AK-580  300,  WI*0M  00). 

600 

Do  table  l,  WP010  00. 

601 

Do  tabic  2,  WFOIO  00. 

602 

Do  table  3,  WR010  00. 

603 

Do  table  4,  WPOlO  00. 

604 

Do  table  1,  WPOU  00. 

605 

Do  table  2,  WP011  00. 

606 

Do  table  3,  WPOII  00. 

I- 2  >809 

Replace  in ei miry  unit  (Al -FI  HAH -580 -300.  WR005  00). 

812 

Replace  memory  unit  (AI  -FI8AK  580-300.  WR005  00). 

92G 

Do  table  4,  WROU  00 

995 

If  not  set  during  fluids  test,  do  table  2,  WR009  00. 

1  L  HI  component  was  replaced  ami  mairunction  still  exists,  start  Ironlilcshooting  at  slop  2. 

L  2  PWith  DIGITAL  DATA  COMPUTER  CONPIG/Il)KNn\9IC-ANDUIV??f^?^^^^3f^ 

( — 2 — ►164725  AND  UP;  ALSO  164627  THRU  164724  AFTER  >7A-ltt  AFC  1 26  .WITH  DIGITAL  DATA 
COMPUTER  CONFIG/IDENT  91C  AND  UP.  ••  '  .'"rU 


Figure  4.14.3-1  Example  of  Precond 
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4.14.4  Alert 

Used  to  identify  an  alert  message  that  may  accompany  a  task  or  a  step.  There  are  three  general 
types  of  alerts: 

1 .  Warning  -  Notifies  technician  that  task  or  step  may  be  harmful  to  himself  or  others  if 
not  properly  performed. 

2.  Caution  -  Emphasizes  a  procedure  that,  if  not  strictly  maintained,  may  result  in 
damage  to  equipment. 

3.  Note  -  Used  to  emphasize  an  important  procedure  or  condition. 

Properties  of  element: 

Keyword  in  heading  (Note,  Caution,  Warning) 

Symbol  () 

Domain  of  element: 

Can  exist  only  in  alert-alt,  input,  or  step  elements. 
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Example  of  element: 


Support  Equipment  Required 


A  Hermit*  item  ty|M*  designations  or 


l*art  Number  or 
Type  Designation 

77/KN 

(77/AN) 


Nomenrlulurc 


Multimeter 


Materials  Required 


%  Fatigue  Strain  Data  Schematic  (Al~Pl 8AE-^0-500v  WRt)08,0())  iiiay  lie  used  ; 
as  an  aid  when  doing  this  procedure.  *  '  '  \  :  •  -*l  •’lOys \  t '*  ~ 


-  For  conqx>nent  locator,  refer  to  WIMMKl  00, 
Malfunction  is  caused  by  one  of  the  items  listed  Im  Iuw: 
Aircraft  Wiring 

UfL  Horizontal  Stabihitor  Strain  (Inge 
Signal  Data  Computer 


tZ'S'-if  .y  r- W  ;.  '  ”  A\v  v’ 

f •  y  y  : ¥ , i?  ■, '  '>  ,i  ■  '■  r  *•:,  i'ii  , •: 


No  Yes 


Figure  4.14.4-1  Example  of  Alert 
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4.14.5  Descinfo 

Used  to  define  general  purpose,  non-procedural,  narrative  information  that  is  associated  with  a 
system  component.  Can  be  used  to  describe  any  hierarchical  node. 

Properties  of  element: 

Anything  that  does  not  map  to  any  other  element. 

Domain  of  element: 

Can  exist  only  in  link,  descinfo-alts,  or  system  elements. 


137 


Example  of  element: 


A1-F18AE-580-200 

1  March  1996 


002  00 

Page  1 


INTRODUCTION 

ORGANIZATIONAL  MAINTENANCE 
|  TESTING  AND  TROUBLESHOOTING  ;  : 

;  FLIGHT  INCIDENT  RECORDER  AND  MONITORING  SYSTEM  2*:.? 


1.  PURPOSE. 

2.  This  manual  provides  the  data  required  by  the 
technician  to  do  testing  and  troubleshooting  of  the 
system. 

8.  REQUISITIONING  AND  DISTRIBUTION 
OF  NAVAIR  TECHNICAL  PUBLICATIONS- 

4.  Procedures  to  be  used  by  Naval  Activities  and 
other  Department  of  Defense  organizations 
requiring  NAVAIR  technical  publications  arc 
defined  in  the  NAVAL  AIR  SYSTEMS  . 
COMMAND  TECHNICAL  MANUAL  PROCRAM 
f  manual,  NAVAIR  00-25-100  and  NAVAIR1NST  - 
5605.5,  Distribution  of  aeronautic  technical  y  ■  "  ; 
publications.  To  automatically  receive  future  'V***- 
changes  and  revisions  to  NAVAIR  technical 
;  manuals,  an  activity  must  be  established  on  tho 
;  Automatic  Distribution  Requirements  last  (A l)RL) 
maintained  by  the  Naval  Air  Technical  Services 
Facility  (NAVAIitTKClISKUVKAC)  Tu  become 
established  on  the  ADUL,  notify  your  activity 
central  technical  imbrications  librarian.  Il  yoiir 
activity  does  not  have  a  library,  you  may  establish 
your  automatic  distribution  requirements  by 
contacting  the  Commanding  Officer, 

NAVAIKTHCHSKRVFAO. Attn:  ADUL  r.  ; 
UWJUKST,  700  Robbins  Avenue,  Philadelphia,  PA 
191 11-5097.  Annual  reconfiruuitioii  of  these 
requirements  arc  necessary  to  remain  on  milomatic 
distribution.  Please  use  your 
NAVAIRTISCHSKRVFAC  assigned  account 
number  whenever  referring  to  automatic 
distribution  requirements. 

If  additional  or  replacement  copies  of  this  manual 
arc  required  with  no  attendant  changes  in  the 
ADRL,  they  may  be  ordered  by  submitting  a 
DD  1548  requisition  directly  to  the  Commanding 
Officer,  Naval  Publications  and  Forms  < ’enter.  5801 
Tabor  Rond,  Philadelphia,  PA  19120  50! HI. 


5.  MANUAL  ISSUE  DATE. 


*  li.  The  (Lite  on  ti»e  title  inige  is  Ihc  copy  freeze 
J  ilativ  .No’  mklitions.  *JeWtiqtiv^ 

Whiter  Lhc manual  issue  <late  dxwpLfcist'miiiute^J 
^safety  of  flight  or  rrtiuim!  UmnitiwiiVecjamges.' 


^8.  Effcctivity  notes  on  uumuai  tide  pages/work 
hT  package  title  pages.andwithin  avwL  j^ckagC  v  >  ' 
indicate  the  aircraft  or  software  program  to  which 
fethe  data  applies.  If  no  elTc^vity  note  a  oh 
|  the  work  package  titie  pinged  the  work  package  has  ; 1 
ft*  the  same  efTectivity  as  &hown  pn  the  manual  title 
pagc.The  effcctivity  notes  may  u^  -  - 

NOTE 


Aircraft  wilh  model  designator  K/A  1811 
are  the  same  lv|x*  and  model  as 
TF/A-I8A. 

r"'-:  •  y  '  ,yy 

*'  a.  Type.  imahT. iimlWriesy'-^'r'^-,; 

NOTE 

K/A  180  aircraft  after  bureau  number 
is  referred  tons  bureau  number 
K/A  180  1)11(1. 

b.  Bureau  nuinlicr  (toil  nnml>er) 

C-  Combination  of  type,  model,  series,  and 
bureau  nuintiers 

d.  Part  number  or  serial  number 

c.  Technical  directive  mwibe- 
I.  ConfiguratUm/idcntification  number 

tIA  *<•'  n 


Figure  4.14.5-1  Example  of  Descinfo 
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4.14.6  Refmat 

Used  to  support  inclusion  of  reference  material. 


Properties  of  element: 

Keyword  in  heading.  (Reference  Material,  ...) 
Exist  only  at  the  beginning  of  a  task. 


Domain  of  element: 

Can  exist  only  in  refmat-alts,  or  input  elements. 
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Example  of  element: 


A1-F18AE-580-200 

1  March  1996 


005  00 

Page  1 


ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 


RECORDER  -  MONITORING  SET  AN/ASQ-194  TEST 


Alphabetical  Index 


Subject  Page  No. 

Cont  rols  and  Test  Displays,  Figure  1 . . .  10 

Maintenance  Action  for  System  Maintenance  Codes,  Table  2 .  8 

Recorder-Monitoring  Set  AN/ASQ-194  Test,  Table  1 .  2 


Record  of  Applicable  Technical  Directives 


Type/ 

Number 

Date 

Title  and  ECP  No. 

Date 

tncorp. 

Remarks 

F/A-18  AFC 
126 

1  Oct  94 

Addition  of  (l)KIRS)  Deployable  Flight  Inci 
dent  Recorder  Set  (KCP  321UICI) 

1  Dec  02 

- 

Table  1.  Recorder-Monitoring  Set  AN/ASQ-194  Test 


Procedure 


Normal  Indication 


System  Required  Components 


Remedy  for 
Abnormal  Indication 


Nose  Wheel  well  Digital  Display  Indicator 

Memory  Unit 

Signal  Data  Computer 

I  bDFIRS  Signal  Data  Recorder 
I  I  ►DKIKS  Data  Transfer  Interface  Unit 


Related  Systems  Required 

Avionics  (Pooling  System 
Fleet rical  Systems 
Mission  Computer  System 
Mul(ipur|K>se  Display  Croup 

Support.  Kquipment  Required 


Figure  4.14.6-1  Example  of  Refmat 
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4.14.7  Equip 

Identifies  the  equipment  needed  to  perform  a  particular  task.  Usually  refers  to  a  piece  of  test 
equipment,  support  equipment  or  tool. 

Properties  of  element: 

Keyword  in  heading.  (Support  Equipment  Required, ...) 

Exists  only  at  the  beginning  of  a  task. 

Domain  of  element: 

Can  exist  only  in  equip,  equip-alts,  or  input  elements. 
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Example  of  element: 


A1-F18AE-580-200 

1  March  1996 


005  00 

Page  1 


ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 
RECORDER  *  MONITORING  SET  AN/ASQ-194  TEST 
FLIGHT  INCIDENT  RECORDER  AND  MONITORING  SYSTEM 


Reference  Material 


Line  Maintenance  Procedures. 


A I  FIHA<M,MM  (MX) 


Subject 


Alphabetical  Index 


Page  No. 


Cont  rols  and  Test  Displays,  Figure  1 .  10 

Maintenance  Action  for  System  Maintenance  Codes,  Tabic  2 .  8 

Recorder-Monitoring  Set  AN/ASQ-194  Test,  Table  1 .  2 


Record  of  Applicable  Technical  Directives 


Type/ 

Number 

Data 

Title  and  ECP  No. 

Date 

Incorp. 

Remarks 

F/A-18  AFC 
126 

l  Oct  94 

Addition  of  (DK1RS)  Deployable  Flight  Inci 
dent  Recorder  Set  (KCP  32IKICI) 

1  Dec  92 

* 

Table  1.  Recorder-Monitoring  Set  AN/ASQ-194  Test 


Procedure 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


|  ■  System  Required  Components 

Nose  Wheel  well  Digital  Display  Indicator 
v  Memory  Unit  ' ' 

V  Signal  Data  Computer  : 

v  I  I  H)F1KS  Signal  Data  Recorder  v..  L 

C  I  1  bDKIRS  Data  Transfer  Interface  Unit 


Related  Systems  Required 


Avionics  Cooling  System 
Fleet ri cal  Systems 
Mission  Computer  System 
Mtillipurtmsc  Display  Croup 

Support  Kquipmonl  Required 


Figure  4.14.7-1  Example  of  Refmat 
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4.14.8  Reqcond 

Contains  a  list  of  preliminary  conditions  that  must  be  met  prior  to  beginning  a  task.  If  any 
condition  is  not  met,  it  contains  the  task  or  step  that  will  satisfy  the  condition.  It  also  may 
contain  postconditions  that  will  record  the  state  changes  made. 

Properties  of  element: 

Exist  only  at  the  beginning  of  a  task. 

Domain  of  element: 

Can  only  exist  in  reqcond-alts  or  input  elements. 

Example  of  element: 

No  example  available. 

4.14.9  Task 

A  set  of  directive  steps  which  make  up  a  specific  maintenance  procedure. 


Properties  of  element: 

Often  appear  in  tables  having  headings  such  as  (Procedure,  No,  Yes),  (Procedure, 
Normal  Indication,  Remedy  for  Abnormal  Indication), . . . 

Domain  of  element: 

Can  only  exist  in  link,  follow-on,  rect,  reqcond,  step-seq,  system,  task-alts,  or  test 
elements. 
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Example  of  element: 


A1-F18AE-580-200 


005  00 

Page  2 


Table  Recorder-Monitoring  Set  AN/ASQ494  Test 


Procedure  Normal  Indication  IndJcati^  '  fe^ 


S>>  V  *  *  .  None  *:  Yv#£ 

M  ate ri uIk  Hoqtil red 

:  ■  -•' .  ^  None  U' 1  -  -.VH  '-5$ 

'r  v  1  -  >  ,  :'gf:  y  ,  >.s  i 


If  a  malfunction  occurs  during  this  test,  make  sure  circuit  iKtMlujrH  lUtc^l  |n  J  iMfes  ns 
WP004  00 are  closed.  .  Vr^'- .  V^-  ^ 


L  PRELIMINARY. 

a.  If  external  power  is  not  ap¬ 
plied  or  generators  are  not  oper¬ 
ating,  in  nose  wheelwell,  momen¬ 
tarily  set  MMP  ENABLE/BRCU 
switch  to  RESETT,  : 


tarily  set  MMP  ENABLE/BRCU  .y ;’ .  V-T-  '• 

switch  to  RESET.  ;  -.  .• 

b.  In  nose  whcdwcll,  press  nose  000  flashes  and  in  approximately  L  it 
wheelwell  digital  display  indicator.  9  seconds  tcst  cale  UWJ »i*F^||| 

AMI  BIT/KKSKT  switch  and  on  M Al NTKNA NCltCOI>E (fis  g 

hold  for  approximately  3  seconds,  play  for  approximately  5  ajconds'v-  2)  If  digit 


c.  Apply  electrical  power  (Al- 
F18AC-LMM-000). 


F18AC-LMM-000).  '  ’ '  -v  •  :•  v 

d.  ON  164627  THRU  164724  Switches  remain  on  (latched),  i  K  W  switches  unhitch  In”l0  to  30  5j 
BEFORE  F/A-18  APC-126,  on  '  secohdsr^lyextcniMl  cooling  air 

CND  PWR  control  panel  assent-  ;•'*■; 

bly,  set  and  hold  1  switch  to  A  *  ■' t  ;  '  .;  /  '(M v  ft* 

ON,  2  switch  to  B  ON.  , 2.  IT swiUhesdonot  ren»mn«ww^ 

ON  164725  AND  UP;  ALSO  lru'iiiilc!sh<N>t  (Al  KIKAU  FlM 

164627  THRU  164724  AFTER  "  (MW,  WIHM2  00).’  y;  V'?? ;r 

F/A-18  AFC  126.  on  UNI)  PWK 

control  panel  assembly,  set  mid 

hold  3  switch  to  A  ON  or  B  ON, 

for  three  seconda 


Figure  4.14.9-1  Example  of  Task 


144 


4.14.10  Step 

The  primary  component  of  a  maintenance  procedure  describing  the  actions  to  be  performed  in 
order  to  complete  a  task. 

Properties  of  element: 

Properties  of  parent  entities. 

Labeling  and  indention  of  steps. 

Domain  of  element: 

Can  only  exist  in  step-seq,  reqcond,  loop-step,  if-step,  or  follow-on  elements. 
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Example  of  element: 


A1-F18AE-580-200 


005  00 

Page  2 


Table  1.  Recorder-Monitoring  Set  AN/ASQ-194  Test  (Continued) 


4.14.11  Graphic 

Used  to  represent  a  composite  graphic  made  of  graphic  primitives  or  other  graphics. 

Properties  of  element: 

Any  illustration. 

Keywords  in  caption.  (Graphic,  Illustration, ...) 

Domain  of  element: 

Can  only  exist  in  graphic,  graphic-alts,  choice,  entry,  prompt,  selection,  alert,  para, 
partinfo,  or  step  elements. 
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Example  of  element: 


A1-F18AE-580-200 


012  00 

Page  2 


1  52A-D026 

NO.  4  CIRCUIT  BREAKER  PANEL  ASSEMBLY 

ZONE 

REF  DCS 

NOMENCLATURE 

BUS 

02 

85C60046 

DHRS  POWER 

R  28VDC 

oo^ 

0/~*\  (  52R-0026A 

(  - —MATES  WITH 

_ 52J-D026A 


[  FWD  OOOR  1  4R 


Figure  1.  Component  Locator  -  Deployable  Flight 
Incident  Recorder  Set  (DFIRS)  (Sheet  1) 


HIM  :*¥>  «l  (4  1)OA  I>fl 

I 


Figure  4.14.11-1  Example  of  Graphic 
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4.14.12  Text 


Used  to  define  how  text  is  constructed.  There  may  be  embedded  text  elements  that  allow 
referencing  of  other  elements. 

Properties  of  element: 

Any  textual  information  that  occurs  in  a  manual  that  is  not  directly  used  by  other 
elements. 

Domain  of  element: 

Can  only  exist  in  choice,  colhddef,  dialog,  entiy,  fillin,  grphprim,  link,  prompt, 
rowhddef,  selection,  text,  text-alts,  alert,  equip,  follow-on,  para,  partbase,  partinfo, 
person,  refmat,  reqcond,  step,  or  version  elements. 
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Example  of  element: 


A1-F18AE-580-200 

1  March  1996 


002  00 

Page  1 


INTRODUCTION 

ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 
FLIGHT  INCIDENT  RECORDER  AND  MONITORING  SYSTEM 


L  PURPOSE. 

2.  This  manual  provides  the  data  required  by  the 
technician  to  do  testing  and  troubleshooting  of  the 
system 

3.  REQUISITIONING  AND  DISTRIBUTION 
OF  NAVAIR  TECHNICAL  PUBLICATIONS. 

4.  Procedures  to  be  used  by  Naval  Activities  and 
other  Department  of  Defense  organizations 
requiring  NAVAIR  technical  publications  arc 
defined  in  the  NAVAL  AIR  SYSTEMS 
COMMAND  TECHNICAL  MANUAL  PROGRAM 
manual,  NAVAIR  00-25  100  and  NAVAIRINST 
5605.5,  Distribution  of  aeronautic  technical 
publications.  To  automatically  receive  future 
changes  and  revisions  to  NAVAIR  technical 
manuals,  an  activity  must  l>c  established  on  the 
Automatic  Distribution  Requirements  last  (AI)UL) 
maintained  by  the  Naval  Air  Technical  Services 
Facility  ( N  A  V  A I  RTE(  3 ISK  It  V  FA<  * ) .  To  become 
establisheil  on  Lite  ADKL,  notify  your  activity 
central  technical  publications  librarian.  If  your 
activity  does  not  hitve  a  library,  you  may  establish 
your  automatic  distribution  requirements  by 
coutucting  the  Commanding  Officer, 
NAVAIRTKCHSERVFAC,  AUu:  ADUL 
REQUEST,  700  Robbins  Avenue,  Philadelphia,  PA 
191 1 1-5097.  Annual  recon  Imitation  of  these 
requirements  arc  necessary  to  remain  on  aiilomatic 
distribution.  Please  use  your 
NAVAIRTECHSERVFAC  assigned  nccminl. 
number  whenever  referring  to  automatic 
distribution  requirements. 

If  additional  or  replacement  copies  of  this  manual 
are  required  with  no  attendant  changes  in  the 
ADRL,  they  may  be  ordered  by  submitting  a 
DD  1H48  requisition  directly  to  the  Commanding 
Officer,  Naval  Publications  and  Forms  <  'enter,  5HOI 
Tabor  Rond,  Philadelphia,  PA  19120  5099 


5.  MANUAL  ISSUE  DATE. 

0.  The  dal  e  on  the  title  page  is  I  he  copy  freeze 
dale  No  additions,  deletions,  or  changes  art*  made 
ullcr  l.lie  manual  issue  4 late  except  List  minute 
safely  of  flight  or  rt ‘quirt'd  main! ena lire  changes 
Data  collected  after  the  manual  issue  (Lite  will  be 
included  in  later  changes  or  revisions  of  the  maulin'. 

7.  EFFECTIVITIES. 

8.  Effeclivily  notes  on  manual  title  |iages,  work 
IMickage  title  pages,  ami  within  a  work  iwckagc 
indicate  the  aircraft  or  software  program  to  which 
the  data  applies.  If  no  effectivity  note  appears  on 
the  work  package  title  page,  the  work  package  has 
the  same  effectivity  as  shown  on  the  manual  title 
page.  The  effectivity  notes  may  use: 

NOTE 

Aircraft  with  model  designator  F/'A  I  HI  t 
are  (lie  same  ly|X*  and  modi' I  as 
TF/A  I8A 

a.  Ty|*e,  iihhM,  and  series 

NOTE 

F/A-I8U  aircraft  alter  bureau  number 
H»4fK»7  is  referred  to  as  bureau  number 
F/A  181)  I)  110. 

b.  Bureau  mimber  (fail  iiuml>er) 

c.  Combination  of  type.  model,  series,  and 
bureau  numbers 

d.  Part  number  or  serial  number 
c.  Technical  dircclive  numbe- 

f.  Configiiralioii/idnit.ilicatioii  number 


Figure  4.14.12-1  Example  of  Text 
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4.14.13  Link 

Provides  for  the  ability  to  create  relational  links. 

Properties  of  element: 

Occurs  anywhere  that  extended  information  is  available  about  an  entity. 

Domain  of  element: 

Can  only  exist  in  test,  task,  system,  step,  reqcond,  refmat,  rect,  person,  partinfo,  partbase, 
outcome,  location,  input,  follow-on,  fltstate,  faultinf,  fault,  expend,  equip,  descinfo, 
consum,  connection,  attach-part,  alert,  video,  text,  table,  selection,  process,  menu,  link, 
grphprim,  graphic,  fillin,  dialog,  or  audio  elements. 
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Example  of  element: 


A1-F18AE-580-200 


005  00 

Page  2 


Table  1.  Recorder-Monitoring  Set  AN/ASQ-194  Test  (Continued) 


Procedure 

Normal  Indication  I 

Remedy  tor 

Abnormal  Indication 

None 

Materials  Required 

None 

NOTE 

If  a  malfunction  occurs  during  this  test,  make  sure  circuit  breakers  listed  in 

-WP004  00  are  closed. 

For  test  displays,  refer  to  figure  L.  For  component  locator,  refer  to  WP003  00 

and  WP012  00. 

L  PRELIMINARY. 

a.  If  external  power  U  not  ap¬ 
plied  or  generators  are  not  oper- 
ating,  in  nose  wheelwell,  momen¬ 
tarily  set  MMP  ENABLE/BRCU 
switch  to  RESET. 

b.  In  nose  whcclwcll,  press  nose 

0(H)  flashes  and  in  approximately 

1.  If  ini  displays.  <|o  table  1, 

whcclwcll  digital  display  indicator 

3  seconds  test  code  888  np|>enrs 

jyi'IKKMMK 

AMI  BIT/RKSKT  switch  and 

on  MAINTENANCE  CODE  dis 

hold  for  approximately  3  seconds. 

play  for  approximatc4y  5  seconds 

2.  If  digit  missing,  do  table  4, 

c.  Apply  electrical  power  (AK 
F18AC-LMM-000). 

d.  ON  164627  THRU  164724 

and  then  goes  blank. 

Switches  remain  on  (latched). 

^VP009  00. 

3.  If  segment  missing,  do  table  5, 
WP009  00.' 

1.  If  switches  unlatch  in  10  to  30 

BEFORE  F/A-18  AFC-126,  on 
GND  PWR  control  panel  assem¬ 
bly,  set  and  hold  1  switch  to  A  | 

ON,  2  switch  to  B  ON. 

ON  164725  AND  UP,  ALSO 

164027  THIU 1  164724  AFTER 
K/A-IH  AFC  126,  on  UNI)  PWR 
control  panel  assembly,  set  and 
bold  3  switch  to  A  ON  or  H  ON, 
for  three  seconds. 

seconds,  j  ,*ply  external  cooling  air 
to  aircraft  tALFl8A(M-MM-(KK)). 

2.  If'  switches  do  not  remain  on. 
troubleshoot  VAI  KIHAC  FlM 

0(H»,  WPOI2 00). 

Figure  4.14.13-1  Example  of  Link 
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4.14.14  Table 

Defines  how  a  table  is  constructed. 


Properties  of  element: 

Lines  on  page  used  to  denote  column  boundaries. 

Title  of  the  table.  (Table, . . .) 

The  information  found  in  the  table  doesn’t  map  to  another  element  such  as  task. 


Domain  of  element: 

Can  only  exist  in  selection,  table-alts,  link,  para,  or  step  elements. 
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Example  of  element: 


A1-F18AE-580-200 

1  March  1996 


001  00 

Page  1/(2  blank) 


ALPHABETICAL  INDEX 
ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 
FLIGHT  INCIDENT  RECORDER  AND  MONITORING  SYSTEM 


:-:K-  •'  ■.  "vM  Title  ...  '^v  WP  , 

-'v‘*  v  y  •:  Number 

^Circuit  Breakers;^™ — .... - . . . . .  004  00  \ 

'Component  Locator  •'v'v \  "V-  4 ;  y* f'v -V!4  4 ; l v-  -v  4'-'; 

^^Oeployabl&Kli^hi  Incident  Reorder  Set -<  DM  US)  .01*2  tH)  [ 

^flight  Incident  Itccordcr  and  Monitoring  System  tltm  00'  4 

_ 1  2  £  -  ■  00*2  00  l 

.  \  V :  - ....  ;  oo*2  00 

■  ;  V -Effeclmtie8^.v....!...^...... . • ;  00*i 00 

:  S  >ffi^nio«tiate!d  Part*  Brwkdown..'..:.^^^,:^™  ,'  ,00*2  IX) . .: 

:  •>  ^  Manual  Issue  Dale . . _ . .  4X1*2  HI 

SiamtifdA Common  Name  N«MneiH^ituriK^22Js^  -  00*2  IX>  :v 

:.;i ^-.(^ujilil.y  Assurance  :,t.w;.;.^.;^, . ;...„;.:i......,v.J.:.,; _ _ j  4X1*2  IXI 

’^^•^Hlteeord  of  Apfilicabtc  IWImioil  00*2  00 

.  ^^ih’  ltdiuisi twining  am!  I list rilMilion  of  NAVAlU  r0TbnK^»L  ISil»lic^li«Mis'.^.t:^;2V^.j-iVJ^l!i.,^2^i.4i;,  1X1*2  00  . 

:  ^rTedinicnl  Directives  ......4.....  .^.. . . . - . 002  IK) 

;  /.  2. Technical  Publications  Deficiency  Rc|x>rt  (TIM)K)  00 

*•’/'•  r0^i  :  <X>*2  (Ml •  f 

'l  roilblcshooting.  .. . . . . .. . . 002  00  • 

List  of  Technical  Publication  Deficiency  Re)>orls  I ncn>rj><)nitwf.,.f^_.„_4.  ..„.„.,l........ :  TPDIM 

Memory  Inspect  Data....:.... . 000  IH> 

.  Reo  ler  ?; Monitoring  Sot  AN/ASQ-194  Test  .t.......^.;..:2.v^«v.,.^f.™.rM.™......>  ^......:;r  ;  005  *H> 

viTrou  ieshooting  •  ,  '•',■■  '•  '  .4  •  '  i  ^'.r"  ,'...  ;•'"••  _  .,:  /.••_  • 

;  Deployable  Might  Incident  Recorder  Set  (I)FIRS)  OKI  (X) 

Memory  Unit  .„.. . . ..... . . . .  008  IK) 

\ose  Whuelwcll  Digital  Display  Indicator . . OOiUM) 

signal  Data  (bmiputer  . . . . . . . .  (K)7  00 

Strain  (Sages  *  Part  I . . . . . . ...2 . 2.  . .'  -  oiooo 

Strain  Gages -  Pari  II . . . . . . ; .  OS  I  00 

Work  Package  Index .  . . . . . . . : . ; . .  001  01 


Figure  4.14.14-1  Example  of  Table 
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4.14.15  Dialog 

Used  to  retrieve  information  from  the  user. 


Properties  of  element: 

Asks  a  question  that  requires  a  response. 

A  statement  is  made  and  the  user  must  make  a  choice  from  a  table. 


Domain  of  element: 

Can  only  exist  in  dialog,  dialog-alts,  selection,  or  link  elements. 
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Example  of  element: 


A1-F18AE-580-200 


011  00 

Page  11 


Table  4.  Code  926  (Continued) 


Procedure 

No 

Yes 

fAreal!  resistance  indications  in  tolerance? '  -p 

..-V 

c  iiMficatioiis  for  lockup  strain  gage  Out of  iolernnct?.. 

*IS  4 

im  •  » 

f.  l)o  resistance  tests  below  on  primary  strain  gage: 

85P-F042B  pin  3 1  to  pin  20  (OHO  to  1020  ohms) 

85P-F042B  pin  19  to  pin  20  (4%  to  545  ohms) 

85P-F042B  pin  41  to  pin  20  (495  to  545  ohms) 

85P-F042B  pin  41  to  pin  31  (495  to  545  ohms) 

85P-F042B  pin  19  to  pin  31  (495  to  545  ohms) 

'£'^.3.  'yK -W  ;£ ;.fp  ?'/•'  »  *' :  ’■  t-  **:  r-'v 

fAre  all  resistance  indications  in  tolerance? _ ;  ^  £-  /:/£ 

re;-.ri/r-  f;  v •  >•.  •  v.:  *  rv»*V: .  v^r^S'r’ 

resistance  indications  for  primary  strain  gaze  mit  of  tolei^ce?^;:(:^^^j^^ 

h.  On  nose  whcelwell  1)1)1,  place  S2  to  BACKUP.  Document  BACKUP  switch  tuition  se¬ 
lected  for  S2  on  Miscellaneous  History  Card  OPNAV  1790/25A,  jiarl.  ol  airrrall  log  bonk 
and  do  stop  av . 

/  ft?. ; ‘ 

M'A: 

;r 5jjML  ft 

■  *■£  y 

i  ; 

SAv- 

i.  pn  nose  wheelwcll  1)1)1,  is  S3. in  PRIMARY 

A;-£i-  \ 

j.  Do  resistance  tests  below  on  backup  strain  gage: 

85P-F042B  pin  99  to  pin  H7  (980  to  ItriO  ohms) 

85P-F042B  pin  19  to  pin  87  <495  to  545  ohins) 

85P-F042R  pin  41  to  pin  87  (495  to  545  ohms) 

85P-F042B  pin  41  to  pin  99  (495  to  545  ohms) 

85P-F042B  pin  19  to  pin  99  (495  to  545  ohms) 

fXreall  resistance  indications  in  tolerance? :">■  :.'i ’■i- Jci 
_  ‘  '  ‘ 1  *  ’•••■•  '  •  *•  ■*  •'  •••  T-"*  TVvSTTi 

k  Are  all  resistance  indications  for  backup  stniin  gage  out  of  toleron<xf?...;:^J.£S;i;^21@ 

■-Xtr •••-' 

♦III 

1.  Do  resistance  tests  lielow  on  primary  strain  gage: 

85P-F042H  pin  21  to  pin  12  (9H0  lo  1020  ohms) 

85P-F042H  pin  19  to  pin  12  ( 195  (n  515  ohms) 

85P-F042B  pin  41  (o  pin  12  (  1:15  l<>  5(5  ohms) 

85P  F012H  pin  41  to  pin  21  (195  in  515  oltms) 

85P-F0I2B  pin  19  lo  pin  21  <195  to  515  ohms) 

*  Are  all  resistance  indtcalioiis  in  loleraiice? . . . . 

tu.  Are  all  resistance  indications  for  firinuiry  strain  gage  mil  of  tolerant*?? . . . . . „ 

Ill 

’  as 

O 

II 

n.  On  nose  whcelwell  1)1)1.  place:  S3  lo  BACKUP.  Document  BACKUP  swilch  position  se¬ 
lected  for  S3  on  Miscellaneous  History  Card  OPNAV  4790/25A,  part  of 'aircraft  log  book 
and  do  step  av . 

Figure  4.14.15-1  Example  of  Dialog 
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4.15  Oracle  Evaluation 

Work  in  May  consisted  of  performing  a  product  evaluation  as  well  as  learning  new  software. 
The  use  of  the  ORACLE  database  on  our  HP  server  was  found  insufficient.  The  problems  are 
not  because  of  the  performance  of  the  machine  but  the  performance  of  the  connection  to  the 
machine.  The  HP  server  available  to  us  is  located  at  the  main  office  here  in  Fairmont.  The 
network  connection  is  a  fractional  T1  capable  of  handle  roughly  1.5Mbps.  By  using  a  local 
Windows  NT  workstation  we  can  take  advantage  of  our  network  which  supports  up  to  100 
Mbps.  We  have  obtained  a  trial  version  of  ORACLE  Workgroup  Server  for  Windows  NT.  We 
have  had  problems  installing  the  database  server  on  Windows  NT  v3.51  but  it  does  install 
correctly  on  Windows  NT  4.0. 

After  much  reading  we  have  created  a  new  database  and  have  it  online  for  ACTI  development. 
To  develop  database  interface  code  for  the  ORACLE  database  we  have  purchased  ORACLE 
Programmer  2000.  This  contains  the  Pro*C/C++  programming  interface  for  Windows  NT. 
Pro*C/C++  allows  one  to  embed  SQL  database  calls  into  a  C/C++  program.  This  is  necessary 
for  the  development  of  the  client/server  application  model. 

A  few  test  programs  have  been  developed  to  test  the  usability  and  performance  of  the  ORACLE 
database.  Due  to  the  need  to  precompile  all  source  files  with  embedded  SQL,  it  makes  the  final 
C/C++  files  hard  to  follow  and  debug.  However,  since  database  SQL  layout  is  essentially  the 
same  from  function  to  function,  bugs  within  the  SQL  queries  should  all  but  disappear  and  the 
debugging  problem  should  not  be  an  issue. 

4.16  Comparison  to  Lockheed-Martin  Implementation 

Addressing  the  issue  of  adherence  to  M1L-D-87269  ManTech  and  Lockheed-Martin  have  the 
same  goal — follow  the  standard  as  closely  as  the  specification  of  the  standard  allows.  We  say 
as  closely  as  the  specification  of  the  standard  allows”  because  of  vague  areas  of  the  standard  as 
well  as  possible  errors  that  occur  in  the  standard.  An  example  of  problems  is  the  elements  used 
to  represent  fault  information. 

We  agree  with  Lockheed-Martin  that  it  is  not  clear  how  fault  isolation  information  is  intended  to 
be  mapped  into  87269.  Their  tentative  solution  to  the  problem  is  a  drastic  change  from  the 
content  in  87269.  While  the  change  may  be  drastic,  the  specification  in  its  current  form  has 
several  errors  and  hence  can  not  be  implemented  as  specified.  We  assume  that  only  a  small 
amount  of  effort  was  spent  by  Lockheed-Martin  on  Fault  Isolation  Information.  We  make  this 
assumption  from  the  following  observations: 

•  Small  dataset  containing  Fault  Isolation  Information 

•  No  data  was  analyzed  on  Flow  Diagrams 

•  Tight  restrictions  imposed  on  the  contents  of  the  data  in  tabular  fault  isolation  data 

•  The  inability  to  handle  all  fault  isolation  information  in  the  final  system 
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4.17  Summary  of  Results 

This  report  closes  out  the  database  developments  related  to  Phase  1  of  ACTI.  Issues  covered  in 
this  phase  included: 

•  Detailed  Analysis  of  87269. 

•  Formulating  an  approach  for  implementation. 

•  Making  a  connection  between  87269  elements  and  the  contents  of  Legacy  Paper 
Technical  Manuals. 

•  Evaluating  ORACLE  Workgroup  Server  and  Pro*C/C++. 

•  Experimenting  with  database  schema  implementations  in  ERWin. 

In  future  work  the  developments  related  to  the  database  should  be  more  implementation  oriented 
instead  of  solely  research  oriented. 
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APPENDIX  A:  PROCEDURE/NORMAL  INDICATION/REMEDY 


A1.0  PROCEDURE/NORMAL  INDICATION/REMEDY 


The  following  is  an  example  of  a  procedure/normal  indication/remedy  table  as  found  in 
troubleshooting  information.  This  type  of  table  accounted  for  1,216  out  of  13,  518  pages 
surveyed. 


A1-F18AE-760-200 


018  00 

Page  2 


Table  1.  ALQ-165  (ASPJ)  Built-In  Test 


Procedure 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


System  Required  Components 

All  system  components  installed. 

Related  Systems  Required 

Avionics  Cooling  System 
Electrical  System 

Flight  Incident  Recorder  and  Monitoring  System 
Mission  Computer  System 
Multipurpose  Display  Group 
Waming/Caution/Advisory  System 

Support  Equipment  Required 

None 

Materials  Required 
None 

NOTE 

If  a  malfunction  occurs  during  this  test,  make  sure  circuit  breakers  listed  in 
WP015  00  are  closed. 

For  component  locator,  refer  to  WP015  00. 

For  Built-In  Test  Displays,  refer  to  figure  1. 

1.  PRELIMINARY. 

a.  Do  nose  wheelwell  digital 
display  indicator  built-in  test/ 
reset  procedure  (A1-F18AC- 
LMM-000). 

b.  Apply  electrical  power 
(A1-F18AC-LMM-000). 


c.  On  GND  PWR  control  panel 
usscrnbly,  set  1  and  2  switches  to 
R  ON  and  3  switch  to  A  ON  and 
hold  for  3  seconds. 


Switches  remain  on  (latched). 


1.  If  switches  unlatch  in  10  to  30 
seconds,  do  external  ground  cool¬ 
ing  air  application  procedure 
(A1-F18AC-LMM-000). 

2.  If  switches  do  not  remain  on, 
troubleshoot 


Figure  A10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 


A-  1 


A1-F18AE-760-200 


018  00 

Page  3 


Table  1.  ALQ-165  (ASPJ)  Built-In  Test  (Continued) 


Normal  Indication 


d.  If  MBIT  is  being  started,  do 
external  ground  cooling  air  appli¬ 
cation  procedure  (A1-F18AC- 
LMM-000). 

e.  On  left  and  right  digital 
display  indicators,  (LDDI  and 
KDDI),  set  power  switch  to  DAY 
or  NIGHT  and  allow  2  minute 
warmup.  Adjust  BRT  and  CONT 
controls  for  best  display. 


1.  LDDI  and  RDDI  have  display 
and  center  pusbutton  switch  on 
bottom  row  is  labeled  MENU  . 


Remedy  for 
Abnormal  Indication 


1.  No  display  on  LDDI: 

ON  F/A-18C  163427  THRU  | 

163782,  do  table  l  (AI-F18AC- 
745-200,  WP006  00).  | 

ON  F/A-18D  163434  THRU  | 

163778,  do  table  1  A1-F18AC-745- 
200,  WP007  00). 

ON  F/A-18C  163985  AND  UP,  | 

do  table  1  (A1-F18AG -745-200, 
WP006  00). 

ON  F/A-18D  163986  AND  UP,  | 

do  table  1  (A1-F18AG-745-200, 
WP007  00). 

2.  No  display  on  RDDI: 

ON  F/A-18C  163427  THRU  | 

163782,  do  table  2  (A1-F18AC- 
745-200,  WP006  00). 

ON  F/A-18D  163434  THRU  | 

163778,  do  table  2  (A1-F18AC- 
745-200,  WP007  00). 

ON  F/A-18C  163985  AND  UP,  do  | 
table  2  (A1-F18AG-745-200, 

WP006  00). 

ON  F/A-18D  163986  AND  UP,  do  | 
table  2  (A1-F18AG-745-200, 

WP007  00). 

3.  If  STANDBY  is  displayed: 

ON  F/A-18C  163427  THRU  1 

163782,  do  table  2  (A1-F18AC- 
745-200,  WP004  00). 


Figure  A 10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 

(continued) 
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Table  1.  ALQ-165  (ASPJ)  Built-In  Test  (Continued) 


Normal  Indication 


f.  ON  F/A-18C  AND  ON  F/A- 
18D  163434  THRU  163778,  on 
ECM  control  panel  assembly,  set 
ECM  mode  switch  to  STBY. 


g.  ON  F/A-18D  163986  AND 
UP,  on  ECM  control  panel  assem¬ 
bly,  set  ECM  mode  switch  to 
STBY. 


2.  LDDI  has  cautions  and  advi¬ 
sory  display. 


In  cockpit  on  LH  advisory  and 
threat  warning  indicator  panel, 
STBY  light  comes  on.  Light  goes 
off  in  approximately  3  minutes. 


On  LH  advisory  and  threat  warn¬ 
ing  indicator  panel  in  cockpit,  and 
on  rear  advisory  and  threat  warn¬ 
ing  indicator  panel  in  rear  cock¬ 
pit,  STBY  light  comes  on.  Light 
goes  off  in  approximately  3  min- 


Rtmedy  for 
Abnormal  Indication 


ON  F/A-18D  163434  THRU 
163778,  do  table  2  (A1-F18AC- 
746-200,  WP005  00). 

ON  F/A-18C  163986  AND  UP,  do 
table  2  (A1-F18AG -745-200, 
WP004  00). 

ON  F/A-18D  163986  AND  UP,  do 
table  2  (A1-F18AG-745-200, 
WP005  00). 

4.  If  BRT  or  CONT  controls  do 
not  affect  display,  replace  KDDI 
or  LODE- 

ON  163427  THRU  163782 
(A1-F18AC-745-300,  WP004  00). 

ON  163986  AND  UP  (A1-F18AG- 
745-300,  WP004  00). 

Replace  RDDI: 

ON  163427  THRU  163782 
(A1-F18AC-745-300,  WP004  00). 

ON  163985  AND  UP 
(A1-F18AG-745-300,  WP004  00). 

1.  STBY  light  did  not  come  on, 
do  table  l,  WP019  00. 

2.  STBY  light  did  not  go  off  in  5 
minutes,  do  step  2. 

1.  STBY  light  on  one  or  both  ad¬ 
visory  and  threat  warning  indica¬ 
tor  panels  did  not  come  on,  do 
table  2,  WP019  00. 

2.  STBY  light  did  not  go  off  in  5 
minutes,  do  step  2. 


2.  PROCEDURE. 


Figure  A10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 

(continued) 
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Table  1.  ALQ-165  (ASPJ)  Built-In  Test  (Continued) 

Procedure  Normal  Indication  ..  R#m??y*or 

Abnormal  Indication 


During  this  procedure  (step  2)  an  rf  hazard  exists  which  may  cause  personal 
injury.  Make  sure  all  personnel  are  at  least  12  feet  clear  of  ASPJ  transmit 
antennas. 


To  prevent  damage  to  ASPJ  equipment,  do  not  perform  more  than  one  IBIT 
every  20  minutes  without  engines  running  above  75  X . 

To  prevent  damage  to  ASPJ  equipment,  do  not  initiate  MBIT  without 
external  cooling  air  applied  or  without  engines  running  above  75  X. 


NOTE 

Observe  local  radio  and  radar  operating  regulations  while  doing  the  test  to 
prevent  violating  security. 


a.  On  RDDI  press  and  release 
MENU  pusbutton  switch  until 
BIT  pusbutton  switch  option  is 
displayed. 


b.  Press  and  release  BIT  push¬ 
button  switch. 


c.  Press  and  release  EW  BIT 
pusbutton  switch. 


RDDI  has  menu  display  and 
center  pusbutton  switch  on  top  is 
labeled  BIT  (fig  1). 


RDDI  has  BIT  control  display. 


RDDI  has  EW  BIT  control 
display. 


Replace  RDDI: 

ON  169427  THRU  163782 
(A  1  -Fl  8AC -745-300,  WP004  00). 

ON  163985  AND  UP 

(A l -F18AG-745-300,  WP004  00). 

Replace  RDDI: 

ON  163427  THRU  163782 
(A1-F18AC-745-300,  WP004  00). 

ON  163985  AND  UP 

(A1 -F18AG-745-300,  WP004  00). 

Replace  RDDI: 

ON  163427  THRU  163782 
(A1-F18AC-7 45-300,  WP004  00). 

ON  163985  AND  UP 
(A1-F18AG-745-300,  WP004  00). 


i 

■ 

i 

■ 

I 


Figure  A10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 

(continued) 
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Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

NOTE 

If  an  X  is  displayed  through  the  ASPJ  or  ASPJ  MAINT  pusbutton  legends, 
then  ASPJ  initiated  or  maintenance  BIT  cannot  be  run  for  up  to  20  minutes 
without  engines  running  or  up  to  5  minutes  with  engines  running  above  75%. 

d.  On  RDDI,  press  and  release 
ASPJ  or  ASPJ  MATNT  push¬ 
button  switch. 


1.  On  ON  F/A-18C  AND  ON 
F/A-18D  163434  THRU  163778, 
on  LH  advisory  and  threat  warn¬ 
ing  panel,  XM1T  light  flashes  on 
during  BIT. 

2.  On  ON  F/A-18D  163986  AND 
IJP,  on  LH  advisory  and  threat 
warning  indicator  panel  in  cock¬ 
pit,  and  on  rear  advisory  and 
threat  warning  indicator  panel  in 
rear  cockpit,  XMIT  light  flashes 
on  during  BIT. 

3.  ASPJ  BIT  status  displays  IN 
TEST  and  then  displays  GO  for: 

WITH  DIGITAL  DATA 
COMPUTER  CONFIG/IDENT 
91C  -  30  seconds. 

WITH  DIGITAL  DATA 
COMPUTER  CONFIG/IDENT 
09C  AND  UP  -  180  seconds. 


If  XMIT  light  did  not  flash  on 
and  ASPJ  BIT  status  displays 
GO,  do  table  1,  WP020  00 


If  XMIT  light  on  one  or  both  ad¬ 
visory  and  threat  warning  indica¬ 
tor  panels  did  not  flash  on  and 
ASPJ  BIT  status  displays  GO,  do 
table  2,  WP020  00. 


1.  If  display  is  DEGD,  read  and 
record  maintenance  code(s)  from 
nose  wheelwell  DDI  (A1-F18AC- 
LMM-000)  and  refer  to  table  1, 
WP02100. 

2.  If  display  is  NOT  RDY,  do 
table  2,  WP021  00. 

3.  If  display  is  RESTRT,  press 
and  release  STOP  pusbutton 
switch,  then  press  and  release 
ASPJ  or  ASPJ  MAINT  push¬ 
button  switch.  If  RESTRT  is 
again  displayed,  replace  ALQ-165 
Processor  (A1-F18AE-760-300, 
WP012  00). 

4.  If  display  is  MUX  FAIL,  read 
and  record  maintenance  code(s) 
from  nose  wheelwell  DDI 
(A1-F18AC-LMM-000)  and  refer 
to  table  1,  WP021  00. 

5.  If  display  is  OVRHT,  do  Avi¬ 
onics  Cooling  System  Test  (Al- 
F18AC -410-200,  WP014  00). 


Figure  A 10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 

(continued) 
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Table  1.  ALQ-165  (ASPJ)  Built-In  Test  (Continued) 


Procedure 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


6.  If  display  is  DEGD+OVRHT, 
do  Avionics  Cooling  System  Test 
(AI-F18AC-410-200,  WP014  00). 
If  test  run*  good,  read  and  record 
maintenance  code(s)  from  nose 
wheelwell  DDI  (A1-F18AC-LMM- 
000)  and  refer  to  table  1,  WP021 
00. 


e.  If  MBIT  was  started  and  test 
is  complete,  press  and  release 
STOP  pusbutton  switch. 

f.  At  completion  of  TRTT  or 
MBIT,  set  ECM  mode  select 
switch  to  OFF. 


1.  On  ON  F/A-18C  AND  ON  F/A-  Replace  ECM  control  panel  as- 
18D  163434  THRU  163778,  on  LH  sembly  (A1-F18AE-760-300, 
advisory  and  threat  warning  indi-  WP007  00). 

cator  panel,  all  lights  are  off. 

2.  On  LH  advisory  and  threat 
warning  indicator  panel  in  cock¬ 
pit,  and  on  rear  advisory  and 
threat  warning  indicator  panel  in 
rear  cockpit,  all  lights  are  off. 


3.  FINAL. 

a.  On  LDDI  and  RDDI,  set 
power  switch  to  OFF. 

b.  Remove  electrical  power 
(A1-F18AC-LMM-000). 

C.  On  nose  wheelwell  digital 
display  indicator,  read,  record, 
and  then  reset  maintenance  code 
display  (A1-F18AC-LMM-000). 


Figure  A10-1  Example  of  Procedure/Normal  Indication/Remedy  Troubleshooting  Data 

(continued) 
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GRAraCSEDURE/NORMAL  INDICATION/REMEDY  WITH  EMBEDDED 

The  following  is  an  example  of  a  procedure/normal  indication/remedy  table  with  embedded 
surveyed.38  tr0ub,eshoot,n8  ^formation.  This  accounted  for  18  of  our  13,518  pages 


A1-F18AC-130-200 

Change  4 


Procedure 


Table  X,  MIG  Rigging  Operational  Test 
Normal  Indication 

System  Required  Components 

All  system  components  Installed. 

Related  Systems  Required 

Electrical  System 
Hydraulic  System 


005  00 
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Remedy  for 
Abnormal  Indication 


8upport  Equipment  Required 


Part  Number  or 
Type  Designation 


DPPH250 

74D110107-1001 

3221AS121-1 


Specification 
or  Part  Number 


Nomenclature 

External  Electrical  Power 
Source 

External  Hydraulic  Power 
Source 

Spring  Resiliency  Tester 
MLG  Doors  Aircraft 
Ground  Safety  Pin  Set 
MLG  Planing  Am 
Test  Adapter 


Materials  Required 


Nomenclature 


MIL-P-8116 
(CAGE  81349) 

MS20995NC40 
(CAGE  96906) 


1.  PRELIMINARY. 


CAUTION  1 


To  prevent  damage  to  equipment,  MLG  shock  absorbers  must  not  be 
overserviced.  Over  or  under  inflated  MLG  tires  or  MLG  shock  absorbers 
which  are  not  correctly  serviced  may  cause  interference  problems  resulting  In 
possible  damage  when  MLG  is  retracted. 


a.  Make  sure  electrical  and  hy¬ 
draulic  power  are  off  (A1-F18AC- 
LMM-000). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 

Graphics  Troubleshooting  Data 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


b.  Jack  aircraft  (A1-F18AC- 
LMM000). 

c.  Install  MLG  doors  aircraft 
ground  safety  pin  set  (A1-F18AC- 
PCM-000). 

2.  MLG  RIGGING  OPERA¬ 
TIONAL  TEST,  (QA) 


<M] 


Ijdomng  nbd) 


a.  Measure  and  record  planing 
link  spring  dimension  A. 


Planing  link  spring  dimension  A 
is  6.81  to  6.87  inches 


Adjust  planing  link  spring  (Al- 
F18AC-130-300,  WP040  01). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 

Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

LQNGirUOiW.  SITTOfR 


fljOCKWBlFAADAn) 

lafiWKZLWDI 

wc-13 JO 


Putty  is  toxic.  Wash  hands  thoroughly  prior  to  eating,  drinking,  or  smoking. 

b.  Apply  putty  to  forward  face 
of  Y518  frame  and  longitudinal 
stiffener  on  the  engine  inlet  duct 
skin. 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 


A  -  9 


A1-F18AC-130-200 


005  00 

Page  5 


Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

HANDLE 

c.  On  LDG  GEAR  control , 
make  sure  LDG  GEAR  control 
handle  is  set  to  DN. 

d.  Do  ground  intercommunica¬ 
tions  hookup  with  external  elec¬ 
trical  power  (AI-F18AC-LMM- 
000). 

e.  Remove  landing  gear  aircraft 
ground  safety  pin  from  MLG  be¬ 
ing  tested  (A1-F18AC-PCM-000). 


To  prevent  death  or  injury  to  personnel  or  damage  to  equipment,  area 
surrounding  MLG  must  be  clear  of  personnel  and  obstructions. 


To  prevent  damage  to  equipment,  MLG  must  be  retracted  slowly. 

f.  Set  LDG  GEAR  control  ! 

handle  to  UP.  I  I 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MIG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

g.  Apply  external  hydraulic 
power  and  slowly  increase  hy¬ 
draulic  pressure  to  allow  slow  re¬ 
traction  of  MLG  (A1-F18AC- 
LMM-000). 

h.  When  MLG  is  fully  retracted 
and  locked,  turn  off  external  elec¬ 
trical  and  hydraulic  power  (Al- 
F18AC-LMM-000). 

MLG  slowly  retracts  and  locks. 

Test  for  binding  in  landing  gear 
joints  and/or  not  enough  hydrau¬ 
lic  pressure  to  retract  actuators 
because  of  external  source  or 
leakage  of  actuators. 

Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

ing  clearance,  subtract  0.25  inch 
from  inboard  stowed  tire  clear¬ 
ance  dimension  C,  recorded  in 
step  i,  and  record  this  amount. 

k.  Measure  and  record  out¬ 
board  stowed  tire  clearance  di¬ 
mension  B  from  centerline  of  tire 
to  nearest  point  on  structure  (ig¬ 
noring  rivet  heads). 


WARNING 


To  prevent  death  or  injury  to  personnel  or  damage  to  equipment,  area 
surrounding  MLG  must  be  dear  of  personnel  and  obstructions. 


l.  Turn  on  external  electrical 
and  hydraulic  power  (A1-F18AC- 
LMM-000). 

m.  Set  LDG  GEAR  control 
handle  to  DN. 

n.  When  MLG  is  fully  extended 
and  locked,  turn  off  external  elec¬ 
trical  and  hydraulic  power  (Al- 
F18AC-LMM-000). 

o.  Install  landing  gear  aircraft 
ground  safety  pin  in  MLG  (Al- 
F18AC-PCM-000). 

p.  Using  inboard  stowed  tire 
dearance,  recorded  in  step  j,  and 
outboard  stowed  tire  dearance, 
recorded  in  step  k,  determine  dif¬ 
ference. 


Inboard  stowed  tire  dearance  and  Do  MLG  planing  mechanism  as- 
out board  stowed  tire  dearance  are  sembly  rigging  (A1-F18AC-130- 
equal  within  0.60  inch.  300,  WP044  00). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 


q.  Observe  putty  on  Y518 
frame  and  longitudinal  stiffener 
for  indications  of  contact 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


No  indications  of  contact  exist.  Do  MLG  planing  mechanism  as¬ 
sembly  rigging  (A1-F18AC-130- 
300,  WP044  00). 


APPLY  PUTTY 
HERE 


ULC  CRANK 
ASSEMBLY 


[M> 


(LOOMNC  OUTBt)) 


WARNING 


Putty  is  toxic.  Wash  hands  thoroughly  prior  to  eating,  drinking,  or  smoking. 


r.  Apply  putty  to  planing  stop 
on  MLG  crank  assembly  and  ap¬ 
ply  tape  to  MLG  tire  at  point  tire 
is  opposite  moldline  of  aircraft 
Mark  tape  0.50  inch  inboard  and 
2.00  inches  outboard  of  centerline 
of  MLG  tire. 

s.  Turn  on  external  electrical  i 
power  (A1-F18AC-LMM-000). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

t  Remove  landing  gear  aircraft 
ground  safety  pin  from  MLG  (Al- 
F18AC-PCM-000). 

WARNING 


To  prevent  death  or  injury  to  personnel  or  damage  to  equipment,  area 
surrounding  MLG  must  be  dear  of  personnel  and  obstructions. 


To  prevent  damage  to  equipment,  MLG  must  be  retracted  slowly. 

u.  Set  LDG  GEAR  control  I  I 

handle  to  UP.  I  I 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

v.  Turn  on  external  hydraulic 
power  and  slowly  Increase  hy¬ 
draulic  pressure  to  allow  slow  re¬ 
traction  of  MLG  until  center  of 
tire  is  approximately  0.50  inch 
below  aircraft  moldline  and  im¬ 
mediately  set  LDG  GEAR  control 
handle  to  DN  extending  MLG 
(A1-F18AC-LMM-000). 

w.  When  MLG  is  fully  ex¬ 
tended  and  locked,  turn  off  exter¬ 
nal  electrical  and  hydraulic  power 
(A1-F18AC-LMM-000). 

x.  Install  landing  gear  aircraft 
ground  safety  pin  in  MLG  (Al- 
F18AC-PCM-000). 

y.  Observe  putty  on  planing 

No  metal  to  metal  contact  exists. 

Do  MLG  planing  mechanism  as¬ 

stop  for  indications  of  metal  to 

sembly  rigging  (A1-F18AC-130- 

metal  contact. 

300,  WP044  00). 

z.  Turn  on  external  electrical 
power  (A1-F18AC-LMM-000). 

aa.  Remove  landing  gear  air¬ 
craft  ground  safety  pin  from 

MLG  (A1-F18AC-  PCM-000). 

To  prevent  death  or  injury  to  personnel  or  damage  to  equipment,  area 
surrounding  MLG  must  be  dear  of  personnel  and  obstructions. 


|  CAUTION  I 


To  prevent  damage  to  equipment,  MLG  must  be  retracted  slowly. 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

ab.  Set  LDG  GEAR  control 
handle  to  UP. 

«MC-ta0-R0-Ct-91fr4BAN  It 


ac.  Turn  on  external  hydraulic 
power  and  slowly  increase  hy¬ 
draulic  pressure  to  allow  slow  re¬ 
traction  of  MLG  until  center  of 
tire  is  approximately  2.00  inches 
above  aircraft  moldline  and  im¬ 
mediately  set  LDG  GEAR  control 
handle  to  DN  extending  MLG 
(A1-F18AC-LMM-000). 

ad.  When  MLG  is  fully  ex¬ 
tended  and  locked,  turn  off  exter¬ 
nal  electrical  and  hydraulic  power 
(AI-F18AC-LMM-000). 

ae.  Install  landing  gear  aircraft 
ground  safety  pin  in  MLG  (Al- 
F18AC-PCM-000). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Procedure 


Normal  Indication 


A1-F18AC-130-200  005  00 

Change  4  Page  14 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

af.  Observe  putty  on  planing 

Indication  of  metal  to  metal  con¬ 

Do  MLG  planing  mechanism  as¬ 

stop  for  indications  of  metal  to 

tact  exists. 

sembly  rigging.  (AI-F18AC-130- 

metal  contact. 

300,  WP044  00). 

Table  1.  MLG  Rigging  Operational  Test  (Continued) 


afl.  Remove  putty  from  plan¬ 
ning  stop  on  MLG  crank  assem¬ 
bly  and  tape  from  MLG  tire  in¬ 
stalled  in  step  r. 


ag.  If  planing  arm  test  adapter 
is  used  to  measure  overcenter 
force  of  the  MLG  planing  arm 
assembly,  do  substeps  below: 

(1)  Attach  planing  arm  test 
adapter  to  spring  resilency  tester 
DPPH250. 


(2)  Place  planing  arm  test 
adapter  over  opening  in  planing 
arm  and  connecting  links  and  in¬ 
sert  quick  release  pin. 

ah.  If  planing  arm  test  adapter 
is  not  available,  do  substeps  be¬ 
low: 


^WAHMIN^I 

Lockwire  can  break  causing  damage  to  personnel,  aircraft  and  resilency  tester. 

(1)  Loop  three  strands 
minimum  of  MS20995NC40  lock- 
wire  through  hole  in  center  of 
bolt  of  MLG  planing  assembly. 

(2)  Connect  spring  resi¬ 
lency  tester  DPPH  250  to  lock- 
wire. 


NOTE 

A  minimum  pull  force  is  required  to  raise  the  MLG  planing  arm  assembly  off 
its  down  stop  on  the  axle  lever. 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

al  Manually  pull  on  tester  per¬ 
pendicular  to  planing  arm  assem¬ 
bly  enough  to  raise  MLG  planing 
arm  assembly  planing  stop  from 
making  contact.  Record  minimum 
tester  indication. 

Tester  indication  is  80  pounds 
minimum  for  planing  arm 
74A410538  and  130  pounds  mini¬ 
mum  for  planing  arm  74A411720. 

Replace  planing  link  (A1-F18AC- 
130-300,  WP043  00). 

4j.  Release  tester. 

MLG  planing  arm  assembly  plan¬ 
ing  stop  returns  and  makes  con¬ 
tact 

ale  Disconnect  tester,  cut  and 
remove  lockwire. 

Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Table  1.  MLG  Rigging  Operational  Test  i 

Continued) 

Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

• 

pimv 
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Table  1.  MLG  Rigging  Operational  Test  (Continued) 


Procedure 

Normal  Indication 

Remedy  for 

Abnormal  Indication 

am.  Remove  MLG  doors  air¬ 
craft  ground  safety  pin  set  (Al- 
F18AC-PCM-000). 

an.  Remove  landing  gear  air¬ 
craft  ground  safety  pin  from 

MLG  (A1-F18AC-PCM-000). 

To  prevent  death  or  injury  to  personnel  or  damage  to  equipment,  area 
surrounding  MLG  must  be  dear  of  personnel  and  obstructions. 


To  prevent  damage  to  equipment,  MLG  must  be  retracted  slowly. 

ao.  Set  LDG  GEAR  control 
handle  to  UP. 

ap.  Apply  external  electrical 
and  hydraulic  power  and  slowly 
increase  hydraulic  pressure  to  al¬ 
low  slow  retraction  of  MLG  (Al- 
F18AC-LMM-000). 

aq.  When  MLG  is  fully  re¬ 
tracted  and  locked,  and  MLG 
doors  closed  set  LDG  GEAR  con¬ 
trol  to  DN. 

ar.  When  MLG  is  fully  ex¬ 
tended  and  locked,  turn  off  exter¬ 
nal  electrical  and  hydraulic  power 
(A1-F18AC-  LMM-000). 

as.  Install  landing  gear  aircraft 
ground  safety  pin  in  MLG  (Al- 
F18AC-PCM-000). 


Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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Figure  A2.0-1  Example  of  Procedure/Normal  Indication/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 


JAN.  22.  1999  9:20AM  MANTECH  FAIEHON? 


A1-F18AC-130-200 


Table  l.  MLQ  Rlgglrn  Operation*!  Tut  (Continued) 


IflVIV  A-  m 

Proctdur* 
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A«m«dy  far 

Abnormal  Indication 

at,  Mtaiwr*  dimenaioa  A,  depth 
of  patty  not  compnuwl  l*  MLG 
forward  doOr  by  planiOf  ^ 
inch  ball. 
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Emergency  binding  Gear  flyitcu 
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Figure  A2.0-1  Example  of  Procedure/Normal  Indicarton/Remedy  With  Embedded 
Graphics  Troubleshooting  Data  (continued) 
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A3.0  PROCEDURE  FAULT/ACTION 

The  following  is  an  example  of  a  procedure/fault/action  table  as  found  in  troubleshootin 
information.  This  type  of  table  accounted  for  549  out  of  13, 518  pages  surveyed. 
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Figure  A3, 0-1  Example  of  Procedure  Facilitation 
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A4.0  PROCEDURE/NO/YES 

The  following  is  an  example  of  a  procedure/no/yes  table  as  found  in  troubleshooting  information. 
This  type  of  table  accounted  for  5,204  out  of  13,  518  pages  surveyed. 


Figure  A4.0-1  Example  of  Procedure/No/Yes 
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Table  1.  Wight  Rear  High  Band  RF  Circuit  Out  of  Tolerance  (Continued) 


Procedure 

No 

Ye* 

(5)  Uc»  tabU  3,  hookup  1  (this  wprl<  package)  and  do  operating  procedures  for  inser¬ 
tion  loss  (NAVA1R  lB-3DUSM<fl2-l). 

(6)  Docs  unit  under  left  exceed  maximum  insertion  Ides  value?, . . . - . . 

b 

k 

b.  Do  subatepi  below! 

00  In  door  l44fl,  remove  lockwire  and  disconnect  flZP-TDZBB  from  J2  on  right  Mar 
band  pass  filter. 

(2)  In  door  124ft.  remove  lockwire  and  disconnect  G2P-TOJ  ID  from  J4  on  135"  quad¬ 
rant  receiver. 

(D)  Ufrc  table  3,  hookup  2  (this  work  package)  and  do  operating  procedures  for  inser¬ 
tion  low  (NAVAIR  1*-30USMU2-1). 

«)  Does  unit  under  teat  exceed  maximum  insertion  loss  value?  . - . 

C 

f 

c.  Use  cable  4,  hookup  l  (chi*  work  package)  and  do  operating  procedures  for  mom  loss 
(NAVAIR  19-30USM4&2*!,).  U  return  loss  measurement  lets  chan  the  minimum  allowable 

e 

d 

d  Replace  right  rear  band  pass  filter  (Al-FlflAE-760-300.  WP047  00).  Do  step  q — . 

•  Replace  right  roar  anUnna-radome  (AI-F18AE-7B0-300.  WP044  00).  Do  step  q . . 

- 

- 

f.  Dp  wbateps  below: 

(1)  In  door  124R,  remove  lockwireand  disconnect  62P*T035C  from  J3  on  right  rear 
radio  Hreuucncy  transmission  switch. 

(2)  UftO  tabu  5  (this  work  package)  4Ad  do  operating  procedures  for  insertion  low 
(NAVAIR  16-30USM4B2.1)  on  ALR-67  coax  cable  SW530. 

(3)  Does  unit  under  test  exceed  maximum  insertion  l«s  value? . . 

H 

V 

*.  Replace  aLR  *7  o«x  cable  SW«3B  (A t-FlflAE-7  60-300,  'VPWU  00>.  Do  step  q~ . . 

- 

’  1 

h.  Dp  oubateps  below: 

(1)  In  door  124R,  remove  lockwire  and  disconnect  62F-T0&D  from  J4  on  right  rear 
radio  frequency  transmission  iwireh. 

(2)  Uw>  table  5  (this  work  package)  and  do  operating  procedures  for  Insertion  loss 
(NAVAIR  16-30USM4S2-1)  on  ALR-tt  colx  cable  SW425, 

(3)  Dees  unit  under  test  exceed  maximum  insertion  loss  value? . . . - . 

i 

i 

L  Replace  right  MOr  radio  frequency  tranernittfoti  switch  (At  .Pa8AE-760-3M),  WFCH0  W). 

- 

- 

Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 
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Table  1.  Right  Rear  High  Band  RF  Circuit  Out  of  Tolerance  (Continued) 


Procedure 

No 

Yes 

j,  Inspea  connector  62P-T0UD  for  damage,  If  connecw  repair  U  required,  do  coanecwr 
repair  of  cable  assembly  replaceable  from  ends  [Ai*Fi8A(  )-  WRM-000).  Jf  connector 
repair  it  not  required,  replace  ALR*67  coax  cable  SW425  (Ai-F18AE-7fiO-3flOr  WP064 

00) ,  DO  flCP  Q  ■•(((•ip . . . . . . 

Ic  Do  sobstepa  below. 

(J)  In  door  124fl.  rare  ora  loclcwiri  and  disconnect  62P-T035A  from  Jl  on  right  rear 
radio  frequency  IrunSrmssiou  switch, 

(2)  U*e  table  5  (this  work  package)  and  do  operating  procedures  for  insertion  loss 
(NAVAIR  16-30USM482-1)  on  AI.R-67  WOK  caWe  5W539. 

(3)  Docs  unit  under  test  exceed  maximum  insertion  loss  value?, . . . «... 

m 

1 

1.  Replace  ALR.S7  coax  cable  SW53S  (A1-K18AE-760-300.  W1'064  00).  Do  step  q . . 

• 

- 

re.  Do  sobtfeps  below: 

(1)  Ir  door  124 R.  remove  loclcwira  and  disconnect  adapter  62CPT0356  from  J2  on 
right  rear  radio  frequency  transmission  switch. 

(2)  Use  tabU  3,  hookup  3  (this  work  package)  and  do  operating  procedures  for  inser¬ 
tion  loss  (NAVMR  ie-30U5M*e2-l). 

(3)  Does  unit  under  Iwt  exceed  maxlntuin  insertion  lew  value? . . . — 

i 

n 

n.  Do  substeps  below; 

(1)  In  door  l2*Rk  remove  lockwfre  and  disconnect  adapter  $2CPTQ3$B  from  62P- 
T035B. 

(2)  Use  table  $  (this  work  package)  and  do  operating  procedures  For  insertion  loss 
(NAVAIfl  L6-30USM482  1>  on  ALR -67  <*px  cable  SW40S. 

(9)  Does  unit  under  test  exceed  maximum  Insertion  loss  value?. . . . . _ . . 

P 

0 

o.  Replace  ALR-G7  coflur  cable  SW435  (Al-F10AE*76O*3OO,  WP063  00).  Do  step  q . „ . . 

- 

- 

p.  Replace  adapter  62CPT03HB  (A1.P18AB.760.300.  WP063  00).  Do  step  q _ _ 

• 

• 

q.  If  disconnected,  removed  or  opened  during  this  Procedure,  make  Sure  items  listed  arc 
connected,  installed  or  Closed: 

(1)  62P-T0UO  (torque  to  20  to  26  inch  pounds,  and  safety  with  lockwu*) 

(2)  62P-T025A  (cor quo  to  20  to  26  inch  pounds,  and  safety  with  lockwire) 

(3)  62P-T025B  (torque  w  20  to  26  inch  pounds,  and  safety  with  tock*ire) 

Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 
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Table  L  Right  Peer  High  Hand  RF  Circuit  Out  of  Tolerance  (Continued) 


procedure 

No 

Yea 

(4)  62P.T035A  (torque  to  20  W  26  inch  pounds,  and  Safety  with  loekwire) 

0)  62P-TOOOB  (torque  to  20  ui  26  inch  pounds,  and  safety  with  lockwirt) 

(5)  62P  T035C  (torque  to  20  lo  26  inch  pounds,  and  safety  with  lockwire) 

(7)  62P-TQ35D  (torque  to  20  to  26  inch  pounds,  and  safety  with  lockwire) 

(8)  Adaptor  62CPT035B  (torque  to  20  to  26  inch  pounds,  nnd  safety  with  lockwire) 

(9)  Door  124R 

(10)  Right  mr  antonna-rodomo 

Table  2.  Left  Forward  High  Band  RF  Circuit  Out  of  Toltranc* 


Support  Equipment  Required 

Nomenclature 

Swept  Frequency 
MtMoTtmcnt  Teat 
Sot 

Torque  Wrench, 

0  to  50  Inch-Pounds 

Material*  Required 

Nomenclature 
LccVwve 

NOTE 

Left  Rear  High  Band  RF  Circuit,  Figure  2,  may  1»  used  with  this  procedure, 
For  locator,  see  WP044  00. 


Part  Niunb«e  at* 

Type  Designation 

AN/USM-462 


Spaoifivatidn 

or  Pari  Number 
MS20995NC20 


Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 


A  -  31 


JAN.  11. 139S  3:21AM  MANTECE  FAIEMON? 


NO.  3640  P.  1C 


A1-F18AE-760-200 


060  00 

Page  6 


Table  2.  Left  Forward  High  Band  RF  Circuit  Out  of  Tolerance  (Continued) 

Malfunction  fc  caused  by  one  of  the  items  below; 

Adapter  52CPSCM6B 

ALR-67  cOix  ttbllk  SW435 

ALR-67  Cable  0W539 

AIR-67  eo**  coble  SW538 

ALR-67  coax  cable  SW425 

Left  rear  antenna -radorae 

Left  rear  band  pass  filter 

Left  radio  Rcequfrtcy  ci'***!)  talon  switch 


No  Yes 


k  Do  substepi  below: 

(1)  Remove  electrical  power  (Al^Fl&AC'LMM-OOO), 

(2)  Remove  left  rear  Antewin-rtdonie  (Al-Fl8Afi-760*300,  WF044  00). 

13)  Open  door  1Z4L  (Al-Fl&ACMMM.OtO). 

(4)  In  doer  X24L,  Nrmov#  loelfwvt  <u>d  disconnect  ©2P-&026A  from  J]  an  left  iear  band 
ptws  filter, 

15)  Use  table  3k  hookup  4  (this  work  package)  and  do  operating  procedures  for  inser¬ 
tion  loss  (NAVAlR 16-30USM48M) 

(6)  Does  emit  under  teat  exceed  maximum  insertion  loss  value? . . . 

b.  Do  substepi  below: 

(1)  In  door  124L,  remove  lock  wire  and  disconnect  62P-5026B  from  J2  on  left  rear  band 
pass  filler. 

(2)  In  door  124L,  remove  loekwire  and  disconnect  6ZP-S012D  from  J4  oil  225*  quad¬ 
rant  receiver, 

(3)  Use  table  3,  hookup  5  (this  work  package)  Ond  do  operating  procedures  for  inser¬ 
tion  loss  WaVaIR  16-30USM4B2-1). 


(4)  Does  unit  under  tc:b  exceed  maximum  Ifittittan  (oaa  value?.. 


c.  Use  table  4,  hookup  2  (this  work  package)  and  do  operating  procedures  for  return  loss 

(NAVAIH  lo-$0USM48!M).  h  return  loss  measurement  lets  than  the  minimum  allowable 
return  loss  value?  — . . . . . .  I 

d.  Replace  left  rear  bund  pasB  filter  [A1-FIBAE-7&0-300.  WPQ47  00).  Do  step  q,„ . — — 


e.  Replace  left  rear  antenna-ndome  (At.FlflAE-760-300,  WP044  00),  Do  step  q.. 


Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 
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Table  2.  Left  forward  High  Bond  RF  Circuit  Out  of  Torrance  (Cpnt»nuacl) 


Procedure 

No 

Yea 

f.  Do  subs  Ups  below: 

(1)  In  door  124L,  remove  lodcvdrc  find  disconnect  6ZP-S006C  from  J3  on  left  rear  radio 

frequency  transmission  switch. 

(2)  Use  table  5  (this  work  package)  and  do  operating  procedures  Tor  insertion  loss 
(NAVAIR  16-30USM4B2.1)  on  ALR-67  coax  cable  SW53&. 

(0)  Dew  unit  under  test  0*COOd  inasrtion  Ides  vglue? . - . 

h 

I 

I 

g.  Replace  ALR-67  CO**  cable  SW538  (Ai.Fi8AT-760.300,  WfO04  00).  Do  step  q.»., . . 

. 

■  l 

h.  Do  aubstept  below; 

(1)  In  door  124L,  remove  lockwire  and  disconnect  62P-3C36D  from  J4  on  left  rear  ra. 

dto  frequency  transraiflsion  switch. 

(2)  Use  table  6  (this  work  package)  and  do  operating  procedures  for  insertion  loss 
1NAVAIR  16-30USM482.1)  on  ALR-67  coax  cable  SW425- 

(3)  Does  unit  under  tottStd  mMimura  insertion  loa  value? . - . - . 

i 

i 

j 

i.  Replace  left  Tear  radio  frequency  transmission  switch  (Ai-fiBAE-760-300,  WP046  00), 

DO  STOP  q . . . . . . . . . . . . . 

- 

- 

j.  Inspect  connector  S2P-S012D  for  denar*.  If  connector  repair  is  required,  do  connector 
repair  of  cable  assembly  replaceable  front  ends  (Al-Fl$A(  ).  WRM-000).  IF  connector 
repair  is  not  required,  rtplnoe  ALR-6?  cable  SW425  ( A1  -  PlBAfi -7S0 WPC44 

i 

i 

k.  Do  sub  steps  below; 

(1)  In  door  124L,  rimovi  lockwirO  Ofld  dilCOn»act  B2P-SD38A  from  Jl  on  loft  roar  radio 
frequency  transmission  switch. 

(2)  Use  cable  5  (this  work  package)  an d  do  operating  procedures  for  insertion  loss 
(NAVAIR  16-30USM482-1)  on  ALR-67  coax  cable  SW5G9. 

(4)  Does  unit  under  test  exceed  maximum  Insertion  loss  value? . . - . . . . 

m 

l 

i 

1.  Replace  ALR-67  coax  cable  $W539  (A1F1BAE-760-30C,  WPQ64  00),  Do  S«p  q - 

• 

-  l 

Y».  Do  subawps  below; 

(1)  In  door  124L,  nmovo  locfcwirt  and  disco***#  Adapter  6?CPfi036fi  from  J2  on  left 
rear  radio  frequency  transmission  switch. 

(2)  Use  table  3,  hookup  6  (this  WOfk  package)  and  do  operating  procedures  for  inser¬ 
tion  loss  (NAVAIR  L6-30USM482-1). 

Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 
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Procedure 


($)  Doe*  unit  under  i«i  exceed  maximum  Insertion  loss  value? . . 

n.  Co  aubatepa  below: 

(1)  \n  door  124L.  remove  ipekwLre  and  disconnect  adapter  62CPS036B  from  62P- 
S036B. 

(2)  Use  table  5  (ihi*  work  package;  and  do  operating  procedure®  for  Insertion  loti 

(NAVAlR  J6'3OUtiIVH02-])  on  ALR-67  coax  cable  SW*35. 

(3)  Does  uniL  under  tost  exceed  maximum  Insertion  low  ualue? . . 

o.  FUrpldkca  Al*.67  cable  SW435  (Al.FiflAE-70Q-UOO.  WP063  00).  Do  step  q..- 

p.  Replace  adapter  MCPSoaoB  (M-neA^.760  300,  Wf>DG3  00),  Da  WOP  * - 

q.  If  disconnected,  removed  or  opened  during  this  procedure,  make  sure  t«ms  Hsied  are 
connected,  installed  or  closed; 

(1)  CSP^OltD  (torque  to  20  to  18  pound®,  and  safety  with  lockwire) 

(2)  6ZPS0Z6A  (lOrQve  to  20  10  26  Inch  pounds,  and  safety  with  lockwirc) 

(5)  62P*S026B  (torque  to  20  w  26  inch  pounds,  and  safety  with  lcckwt) 

(4)  friP-SOSSA  (torque  to  20  to  26  inch  pounds,  and  safety  with  lockwire) 

(5)  62P-S0MB  (torque  to  20  to  26  inch  pounds,  and  safety  with  lockwirc) 

(6)  62P-SOO0C  (torooe  to  20  to  26  inch  pounds,  and  safety  with  lockwirc) 

(7)  02P  S03SD  (torque  10  20  to  26  inch  pound*  and  safely  with  lockwira) 

(0)  Adapter  62CPSO30B  (torque  to  20  lo  26  inch  pounds,  and  aaftty  with  lockwire) 

(9)  DOOC  \ML 

(10)  Left  rear  euuenaa-radoma . .. . - . . . . . . 


No 


<Y*« 


Figure  A4.0-1  Example  of  Procedure/No/Yes  (continued) 
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14.  5EN50  Console  Ugh*  Dimmer  Troubleshooting 
T«l 

NOTE 

This  voubkihoourg  pe oeadirc  is  uset!  w 
wpptcmcm  SENSO  Console  Ughting 
Troubleshooting  Test.  <SWP  V2.) 

i.  Open  WlO  SBNSO  C3L  LT  t>MR  *B  9ire»i« 
breakta'  on  hbg*d  sirwil  breaker  panel, 


b,  Disconnect  971%  from  SEN$6  console  lighl  dim¬ 
mer  (FckS) 

c  CoRnwtPl  plugconnecrorofWl-»13<rt569-101 
•dapier  cable  (part  of  1 307635-101  Cable  Set)  IO  dimmer 
and  Jl  iscepiade  to  P72B  (Figure  2). 

d.  CoitnectPWio  J62  recepvicleofb««d«^X' 

9a  ProewdioTbMidand  iroublwhooting 

procedure 


Tlfilo  9  SENSO  CONSOLE  UQHT  OIMMeft  TROUBLESHOOTING  TEBT 
ActibMorYaa 


T«rt 


la.  helail  a  jumper  (part  ol 
brwkou  box)b0t^nJ1 
and  JZ  recapiadtt.  Install  a 
second  jumper  between  J3 
and  J*  receptacles 

(Figure  10).  Remove  lag  and 
dole  SENSO  CSL  IT  DMR 
oQ  eirouh  breaker  on  loft 
hinged  circuit  breaker  panel. 
With  muiumewr  test  leads, 
probe  recopttdea  end  ob¬ 
serve  output  voltages  as  fol¬ 


io.  Disconnect  multimeter  from 
breakout  00X-  install  Jumpers 
between  J5  and  J8»  J?  and 
j|.  jii  ana  J12,  ano  Jia  and 
ji4  receptacles,  Proceed  lo 
step  za. 


Action  for  No 


la  With  multimeter,  measure 
voJlago  between  Jl  and  J3 
receptacles,  h  voltage  is  11 5 
VfcO,  Replace  8EN9Q 
SOlO  light  dimmer  (NAVAlR 
01-83B-2-4.11  WP  006  00). 

H  voltage  Is  not  11 S  Vbc  Uou- 

gieahoot  aircraft  wiring  bo- 
tween  SENSO  CSLLT  DMR 
OB  Grout'  breaker  and  P7Z0 
(NAVA1R  01-S3B-4-5.1 
SWP  01 2  11)- 


Ji2-Jn5.o(±o.5)vac 
J16-J16  S.0(ifl,5)Vac 
J26-J2B  S.0(±Q.5)VbC 


Am  ell  output  voltages  pres¬ 
ent? 

on  INTERIOR 

LIGHTS  panel.  Ml  CHECK 
LIST  MISCL  swiwn  IO  ON. 
film  CONSOLE  control  slow¬ 
ly  to  BBT.  vertylhatine  W- 
lowing  panel  IlghlB  come  Oft 
and  Increase  in  Dligntneae. 


fcb,  On  $£n©0  INTERIOR 
LIGHTS  panel,  lum  CON¬ 
SOLE  centre'  to  OFF.  Lighte 
dim,  then  go  Off.  Proceed  to 
step  Be, 


So.  Tr6cW**noot  dlmmor  outpu! 
circuit  No.  1  (figure  10  and 
NAVAlR  01-S3&-3-5.1  SWP 
01211). 


Auxilary  display  (AH If) 
Check 

Multipurpose  display  (5EN- 
SO) 

SONOMON 

TIME  CODE  GENERATOR 


Do  all  panel  lights  come  on? 
3a,  Do  pane!  lights  dm? 


Remove  jurrperc  from  Jii .  3c-  Perform  step  ic. 

Jl2, J13  and  J14  raaap- 
BOte*-  Install  jjmpors  be¬ 
tween  Jl  5  end  Jl  6,  and  J17 
and  J10  receptadw.  Prs- 

ce*d  to  alep  4a. _  _ 


Figure  A5.0-1  Example  of  Procedure/No/Yes  Variation 
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Tablft  9  SENSO  CONSOLS  UCKT  DIMMER  TROUBLESHOOTING  T6ST  (CQNT) 

Action  for  No 


Test 


Action  for  Yes 
On  S6NSO  INTERIOR 


"Sir  OnSENSO  INTERIOR  4b7 


4c.  T®uw«snoot  dimmer  output 


LIGHTS  panel,  turn  CON¬ 
SOLE  conlrol  slowly  to  BRT. 
Verify  that  me  following  panel 
lights  come  on  and  increase 
in  brightness. 

CREWlCS 
interior  lights 
OXYGEN 

seat/mike  seLCOT 

Do  ail  panel  Ignis  come  on? 

5ft  On  SEN  SO  INTERIOR 
UGHTS  panel,  turn  CON¬ 
SOLS  control  alowty  W  BRT, 
Verify  that  the  following  panel 
lights  come  on  and  Increase 
in  brightness, 

TAPE  RECOA06R  RE¬ 
MOTE  CONTROL 


ugmTS  panel,  urn  CON¬ 
SOLE  control  to  OFF.  Re¬ 
move  jumpers  from  J15,  J1 6. 
Ji?,  and  Ji8  receptacles. 
Install  jumpers  between  J2$ 
and  J2fi.  and  J27  and  J26  re* 
oeptades,  Proceed  to  siep 

5*. 


Gb.  On  SENSO  INTERIOR 
UGHTS  panel,  turn  CON¬ 
SOLE  oontfAi »  OFF.  Re¬ 
move  jumpers  from  J25,  J26. 
J27,  and  JfcS  receptacles. 
Instal  jumpers  between  J21 
and  J22,  ano  JZ3  anc  J44  re¬ 
ceptacles,  Proceed  la  step 
6a. 


circuit  No.  Z  (Figure  10  and 
NAVAR  01-S39-2-5-'  SWP 
012 11), 


5c.  Troubleshoot  dimmer  output 
elrcuU  No.  9  (Figure  10  and 
NAVAIR  01-S3B-2-5.1  SWP 
01211). 


Do  all  panel  lights  come  on? 

ea.  on  sen  so  interior 
LIGHTS  oanef,  turn  CON¬ 
SOLE  control  slowly  to  8RT. 
Verily  that  Ihe  MAGNETIC 
COMPENSATOR  panel  light 
comes  on. 


6b,  Open  and  lag  3EN30  COL  Be. 
LT  DMR  Circuit  breaker  on 
left  hinged  circuit  b*eaker 
panel.  Disconnect  and  stow 
test  equipment.  Connect 
P7£$.  Proceed  to  step  7a, 


Trouble  dimmer  SO  Vao 

output  drcuil  (Figure  10  and 
NAVAIR  01-S3&-2-5.1  9WP 
01211). 


7a. 


Dots  the  panel  light  come 

on? 

Remove  lag  and  dose  sen-  7b. 
SO  CSL  LT  DMR  circuit 
breaker  on  left  hinged  circuit 
breaker  panel.  On  SENSO 
INTERIOR  UGHTS  panel, 
turn  CONSOLE  control  slow¬ 
ly  toBFTT.  Verify  that  CGA 
panel  light  cornea  on  and  in¬ 
creases  in  brightness. 


No  faun  indteatea.  open  ana  7c,  Perform  step  Ba. 

tag  SENSO  C$LLTDMR*B 

circuit  breaker  on  left  hinged 

qircuk  breaker  panel.  Install 

trim  panel  (NAVAIR  01- 

S3B-Z-4.il  WP  006  00). 


Does  panel  light  coma  on? 


Figure  A5.0-1  Example  of  Procedure/Nofifes  Variation  (continued) 
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TaWfi  9  SEN50  CONSOLE 
Test  _ 

On  SENSO  INTERIOR  35~ 

LIGHTS  panel,  tum  CON- 

GOL6  control  tg  OPF.  fle- 

move  magneilc  field  indicator 
(NAVAin  01-33B-Z-4.14 
WP  009  00)  from  5£NSO 
msminwn  panel  ana  dtecon- 
nect  P3005.  Measure  volt¬ 
age  between  pin*  73  and  00 
orP3005.  as  CONSOLE  con¬ 
trol  fe  turned  to  BRT. 


LIGHT  OIMM6P  TROUBLESHOOTING  TEST  (CONt) 
Afllion  for  Yea  Action  tor  No 


Beoiace  magnetic  Held  indi¬ 
cator  (NAVAIR  01-S3S- 
2-4.14  WP  ooa  00). 


6c.  Troubleshoot  dimmer  output 
circuit  No.  1 1rom  plug  con¬ 
nector  P728  to  P300$ 
(Figure  1 0  and  NAVAIR 
01-S3H- 

£-5-1  SWP  012  11). 


■s  voltage  5.0  (*P.5)  Nfac? 


Figure  A5.0-1  Example  of  Procedure/No/Y  es  Variation  (continued) 
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....  r  ■>  enr.FT /DISPENSER  RELEASE  CHECK  (CONTj - - - 

- — 

Switch/ltem 

Position/Action 

Indication  _ 

Step 

10 

Lees bon 

aCP 

STATION  SELECT 
W$  and  W0 

Pro**  *nd  release 

STATION  SELECT  li9M»  OfBBH. 
MSTR  ARM  liflM  on 

19 

LC 

MASTER  ARM _ _ 

OFF 

MSTR  ARM  liOhl  Off _ 

25.  MECHANICAL  ARMING  CHECK. 

26,  Accomplish  mechanical  arming  check  as  follows; 

a  Insure  aircraft  precaution  procedures  are 
completed  par  Aircraft  Preparation  paragraph. 

b,  Tape  the  store  tensing  twitch  on  stations 
W5  end  W6  in  die  up  position  (loaded)  (figure 
*5). 

o.  Ceek  BRU-i 4/A  «!•»*•  unit. 
d.  COOK  and  latch  all  suspension  hook*, 

B.  proceed  to  table  10  (figure  43). 

27.  SINGLE  RELEASE  SYSTEM  CHECK- 

28.  Accomplish  single  release  system  check  as 
follows; 


a.  Ensure  aircraft  preparation  procedures  are 
oomplwed,  (Refer  to  Aireraft  Preparation  paragraph.] 

b,  Tape  the  ator®  *en*?ng  switch  ft  station* 
W5  and  WB  in  the  up  position  (loaded)  (figure 
49). 

C.  Connect  AN/AWM-67  Test  Set  per  figure 
46. 

o.  COCK  BRU-14/A  release  unis. 

B.  Cock  and  latch  all  suspension  hooks. 

f.  Set  test  set  MAIN  POWER  to  ACFT  SYSTEM, 

set  MEMORY  CO  RESET,  than  ON. 

fii  Set  ARMAMENT  CONTROL  panel  WrN  to 

desired  bomb,  mine,  or  torpedo. 

h.  Energize  aircraft.  Proceed  to  table  1 V 


TABLE  10.  MECHANICAL  ARMING  CHECK 


Check 

Step 

1 

2 

3 


_ Pree+dur«  _ 

Press  and  release  AUTO/MAN  switch  on 
ARMAMENT  CONTROL  panel  (AGP) 

Position  MASTER  ARM  switch  TO  ON 

Actuate  and  release  KILL  SAFETY 
DISABLE  switch 


Press  and  release  STATION  SELECT 
switch  station  to  bl  chocked 


Result  _ 

MAN  switch  lieht  •o»«  on,  AUTO  switch 

light  goes  off 


MSTR  arm  cue  llflht  comes  On 

STATION  SELECT  Switch  light  come*  on 
Whitt 

ARM  SET  switch  light  comes  on 
MSTR  ARM  cue  light  9095  off 


MECH  ARM  switch  to  N/T 


Figure  A6.0-1  Example  of  Step/Procedure/Result 
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TABIC  10-  MECHANICAL  ARMING  CHECK  (CONT) 


CltCK 

Step _ Procedure _  Result 


6 


7 


S 

d 


10 


11 

12 


13 


NOTE 


Check  all  racks  In  bomb  bay  «  all  racks  arm  simultaneously. 
Wing  station  racks  wb  and  W6  do  not  arm  simultaneously. 


Press  and  release  ARM  SET  switch 


Press  end  re'es*#  ARM  SET  switch 


Set  MECH  ARM  twitch  to  NOSE 
Pr.ii  ind  release  ARM  SET  switch 


Press  and  release  ARM  SET  switch 

Set  MECH  ARM  switch  to  TAIL 
press  and  release  ARM  SET  switch 


Press  and  release  arm  set  switch 


ARM  SET  Switch  light  goes  off 
STATION  SELECT  switch  light  comes  on 

amber 

Noaa  and  tail  arming  solenoids  ara 
anergirid 

ARM  SET  awitoh  light  ooroes  on 

STATION  SELECT  switch  light  comes  on 
white 

Na*»  ind  toil  arming  lolonoida  ira 
deenergized 


ARM  SET  switch  light  goes  off 

STATION  SELECT  switch  light  comas  On 
amber 

Nose  arming  solenoids  ere  energized,  tail 

arming  solenoids  are  deenergized 

ARM  SET  switch  light  come*  on 

STATION  SELECT  switch  Hgru  comes  on 
white 


ARM  SET  switch  light  goes  off 

STATION  SELECT  switch  light  comes  on 
amber 

Tail  arming  solenoids  are  energized,  nose 
arming  *otan©»d*  Sra  dearargized 

ARM  SET  switch  light  comes  on 


Figure  A6.0-1  Example  of  Step/Procedure/Result  (continued) 
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TABLE  10.  MECHANICAL  ARMING  CHECK  (CONT) 


Check 

Step 

Procedure 

Result 

STATION  SELECT  iwiieh  light  comes  oh 
white 

14 

$«t  MECH  ABM  twitch  to  SAB! 

15 

Preas  and  release  ARM  SET  switch 

ARM  SET  switch  light  goes  off 

STATION  SELECT  switch  light  comes  on 
amber 

Nose  and  tail  arming  solenoids  ara 

dannorgired 

16 

Pres®  and  release  STATION  SELECT 
■witch  tor  atation  under  check 

STATION  SELECT  Switch  comes  on  green 

MSTR  ARM  cuv  light  epmo*  on 

17 

Repeat  steps  2  Through  16  for  each  wing 
station  to  be  checked 

id 

Position  MASTER  arm  ewhch  to  OFF. 

MSTR  ARM  cue  light  goes  off 

19 

Press  and  release  AUTO/MAN  switch 

AUTO  switch  light  aonnaa  e«.  MAN  switch 
light  goes  off 

20 

If  no  other  check*  are  required,  perform 
postcbeck  procedures.  IReferto 

Poatcheek  Procedures  paragraph.) 

TABLE  11.  SINGLE  RELEASE  SYSTEM  CHECK 


Vhack 

Step 

Procedure 

Result 

1 

press  and  release  AUTO/MAN  switch  on 
ARMAMENT  CONTROL  panel  fACP) 

MAN  switch  light  cornea  on,  AUTO  switch 
goes  off 

2 

Position  MASTER  ARM  switch  tn  ON 

3 

Actuate  and  release  KILL  SAFETY 

DISABLE  switch 

MSTR  ARM  cue  light  come*  on 

NOTE 

If  wing  stations  only  are  to  be  loafod.  prooeed  to  stop  20- 


Figure  A6.0-1  Example  of  Step/Procedure/Result  (continued) 


A -40 


JAN.  22.  199£  9:23AM  MANTECE  FAIIMON? 


NO.  3640  P.  :S 


A7.0  STEP/PROCEDURE/RESULT  VARIATION 

The  following  Is  an  example  of  a  variation  of  the  step/procedure/result  table  as  found  in 
troubleshooting  information.  This  type  of  table  accounted  for  265  out  of  13, 518  pages  surveyed. 


NAVAIR  01 -E2  AAA-2 -17.7 


4,  A  last  summary  oflha  turn-on  last  is  provided  in 

Libia  1  and  usad  as  an  abbreviated  guidv  for  brainl*- 

nance  p«r«onn«i  already  Initialed  In  tomi-kelalon. 

The  last  summary  tabla  U  divided  Into  two  sections: 
operator  commands  and  equipment  responses.  If  a 
fouti  condition  is  be  foe  ted,  ft  bm  rncw«7  to  pgr* 

form  the  detailed  turn  -  on  feet  preced  vr*  u?  isolate 
foun.  tni  fost  summary  consist?  o»  V*  loiowing: 

ft.  Pretest  Setup. 

b.  Turn -0« 

c.  BITE  Verification  TesL 


036  03 

P*g*  2 


d.  Mode/Opilon  Test, 

e.  Test  Target  and  Video  Tasl. 

5.  Expended  testing  erd  troubleshooting  stop- 
by- step  procedures  enable  Isolation  to  the  proper 
WRA  or  radar  interface. 

$,  $*v‘*r0t  B|T£  *»rwor»  ora  incorporated  in  the  ra¬ 

dar  design  that  Arp  associated  with  WRAs  involved  in 
this  lasi.  (I  any  ol  these  BiTC  sensors  Indicate  a  Bun, 
ho  mdar  is  not  ready  for  use  or  acme  part  has  tailed 
that  vNf  prevent  the  successful  completion  of  the  lost. 
To  a»d  the  technician  in  faith -Isolation,  refer  to  SITE 
equations  in  $WPQ36  01, 


TABLE  1.  TURN  ON  TEST  SUMMARY 


Op  grater  Command* 


iquipriant  Raiponwi 


Step 


Subsystem/ 


Cgnjrgj/jndeatg 


Action 


Subsystem/ 

ftinei 


Control/lndleator 


Action 


Prefoftl  Setup 


WARNING 


gnsura  that  general  maintenance  procedures  end  precautions 
have  been  performed  before  beginning  test  procedure. 

CAUTION 

Ensure  that  vapor  cycle  system  a  operational,  it  vapor  cycle 

system  Is  inoperative,  connect  external  cooling  air  (NAVAlR 

C1-E2MA-2-1,  WP029  00). 

Do  not  proceed  until  COOunG  aiA  TEMP  gage  on  vapor  cycle 
control  panel  Indicates  less  Ihnn  fiS*r. 


Perform 

$*t  up 
(8WP03$  Ofo 

2. 

Twoi-OnTeat  | 

■ 

PROCESSOR 

pwn 

CONTROL 

CMPTR/SCRaM 

ON/OFF 

Bel  to  ON 

1 

CIS  $YS  TRIG 
NORM/ALTR 

e*t  to  NORM 

OFF 

None 

i 

IFPM  ON/OFF 

Set  io  ON 

Non* 

Figure  A7.0-1  Example  of  Step/Procedure/Result  Variation 
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TABLE  1 .  TURN  ON  TEST  SUMMARY  (ennr) 

j  Operator  Commands 

Equipment  Reeponeea  | 

Slap 

Suusysrerr/ 

Panel 

Control/totfcator 

Action 

Subsystem/ 

Panel 

ConW/lndicfllor 

Action 

d 

OVOM/SCOPE 

ON/OFF 

Set  to  ON 

None 

9. 

OVOM 

POWEfWFF 

Set  id 

POWER 

OVOM 

Display 

Lit 

t. 

MODE 

Seno 

REMOTE 

None 

RANGE 

Set  to  AUTO 

None 

h. 

ANTENNA 

SIMULATOR 

ON 

press 

antenna 

SIMULATOR 

ON 

Lit 

1. 

FIO  UMD 

IND  PWR/ON 

Prcw 

HO  UMD 

IND  PWP  ON 

anghny  Ut 

IND  PWR  OFF 

Off 

TEST  INITIATE 
DEFLAMPl 

Brightly  III 

1*. 

HOUMD 

TEST  INITIATE - 
DEFLAMPL 

Prns 

ROUMD 

TEST  INITIATE- 
DEFLAMPL 

Dimly  lit 

FAILURE  UMD, 
EMDU,  ADU. 
and  MPS 

Off 

OVERHEAT 

UMD,  EM  DU, 
AOU  and  MPS 

Off 

k. 

no  UMD 

VIDEO 

INT-ftADAft 

SYNTH 

Potato  fuly 
clockwise 

None 

i. 

i 

$P 

Rotate  fijlty 
clockwise 

None 

I*. 

AMT1 

Potato  fury 
clockwise 

Nono 

n. 

ACU 

ANTAZ 

SOURCE 

Sot  10  AO 

ACU 

ANTAZ 

SOURCE 

Displays  RO 

Figure  A7.0-1  Example  of  Step/Procedure/Result  Variation  (continued) 
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TABLE  1.  TURN  ON  TEST  SUMMARY  (coni) 

j  Operator  COmifneflds  ] 

Equipment  Responses  j 

Step 

SUD^nam/ 

P»nol 

Control  ndicalof 

Action 

Subsystem/ 

Per  el 

Contrcl/indlcaiof 

Action 

D. 

WRA11 

ON 

Press 

WHA11 

ON 

Brightly  lit 

OFF 

Romans 
brigntiyrtifer  10 
minutes,  then 
dimly  tit 

STBY/OVLD 

STBY  drmly  lit; 

OVLDotf 

Offl 

CWmly  «1 

P* 

OMAN 

Set  toO 

None 

Q' 

MODE 

Set  10  NORM 

WRA11 

ANT  ROT  OFF/ 
ON/ALTN 

Set  to  OFF 

r. 

DUM  LOAD 

Prw* 

WRA11 

DUM  LOAD 

IH 

ANT 

Oirttfy  kt 

DPCA 

artghtty  n 

ECCM 

Off 

TACCAR/SYN 

TACCAR 
brightly  ft;  SYKJ 

ofl 

TACCAR  TEST/ 
LOOP  LOCK 

TACCAR  TEST 
dlrmyft:  LOOP 
LOCK  off 

s. 

OPCA 

Prist 

WRA11 

DPCA 

Dimly  lil 

t. 

LG  PULSE  GAIN 

Rotate  fully 
clockwise 

None 

u* 

LG  PULSE  STC 
LEVEL 

Rotate  fully 

courter- 

c*ockwi$e 

None 

V. 

TEST  TARGET 
CONTROL 

TENS  and 

UNITS 

Sells  0 

None 

Figure  A7.0-1  Example  of  Step/Procedure/Result  Variation  (continued) 
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TABLE  1.  TURN  ON  TEST  SUMMARY  (COnt) 

|  Operator  Commands 

Equipment  Responses  | 

Step 

Sub  ny  atom/ 
Panel 

Control/Jndicatof 

Action 

Subcyttom/ 

Panel 

Control/lnriicator 

Action 

W. 

EMDU  VIDEO 

RADAR  SWEEP 

Rolan 

dockwitc 

EMDU 

Display 

Sweep  b 

discernible 

Hi 

RADAR  LEVEL 

Rotate  fufy 
docHwise 

Norm 

y. 

EM  DU 

CONTROL 

SELECT 

VTR  ADJ 

Press 

EM  DU 

Display 

VTR  ADJ 
window 

appears 

£ 

EM  DU  OCK 

MASTER 

CONTROL 

Adjust 

EMDU 

Display 

Select  VTR 
range 

aa. 

EM  DU 

CONTROL 

SELECT 

VTR 

Press 

None 

HO. 

C MDU  DEK 

MAStfifl 

CONTROL 

Adjust 

EMDU 

Display 

VTR  Is  at  250 
nml 

ae. 

emdu  range 

300 

Rose 

EMOU 

RANGE 

300  legend 

Brightly  Kt 

ad. 

COMPUTER 

CONTROL 

Thumbwheel 

switch#* 

Set  to 
tactical  test 
taps 

numbers 

Nona 

ft*. 

PROGRAM 

LOAD 

Press 

COMPUTER 

CONTROL 

Computer 
display  and 
salad  ed 
thumbwheel 

numbers 

Numbers  on 
computer 
display  and 
thumbwheel 
are  Ihe  same  at 
completion  of 
program  toed 

EMDU 

Display 

L-304  program 
text  data 
(pattern) 

appear* 

Pt, 

ACU 

COMFT  CLEAR 

Pres* 

EMDU 

Display 

TUst  pattern 
disappears 

■9. 

ADU  oJert 

SYMBOL  INT 

Rotate 

clockwise 

ADU 

Display 

Ltgftfids 

become  visible 

Figure  A7.0-1  Example  of  Step/Procedure/Result  Variation  (continued) 


A-44 


JAN.  22. 1995  9:24AM  MANTECE  FA! MON? 


NO.  3640  P.  22 


NAVAIR  01  -E2AAA-2-17.7 


036  03 

Page  B 


TABLE  1.  TURN  OH  TEST  SUMMARY  (cont) 


Panel 

Control/lndcator 

Action 

Subsystem/ 

Panel 

Controt/lndicator 

Action 

*h. 

GRATICULE  INT 

Rotate 
doe  kwise 

ADU 

Display 

Graticule  line* 
become  vl*lbl* 

nli 

EMDU 

LPHM 

FVqbd  on 
display 

EMDU 

Display 

Point  appears 
where  LPHM 

placed 

«]• 

ADU  alert 

IFPM  ALERT 

Observe 

ADU  alen 

IPPM  ALERT 

BSnklng  (vrhen 

a  fault  exists  or 

during  update) 

ak. 

IFPM  ALERT 

Press 

ADU  alert 

IFPM  ALERT 

Remains  dimly 
lit 

ai. 

ADU  CAT* 

AETURN 

Prow 

Non* 

am. 

RJNCT 

SYSTEM 

MGMNT1 

Select 

Nona 

ifpmfctnz 

Select 

None 

Note 

Push-switch  may  hBve  to  bo  pressed  several  times  to  reed 

entire  RADAR  STATUS  file. 

an. 

RADAR  STATUS 

Select 

ADU 

Display 

On  RADAR 
STATUS  Hie, 
AF:  DIG  DATA 
BUS:  53 
registered 

00. 

ADU  alert 

IFPM  ALERT 

Off 

Nolo 

WRA  55  requires  several  scans  to  complete  it«  Initialization 
diagnOcHei. 


»P- 


PROCESSOR 

RDR PROC 

Sal  to  ON 

EMDU 

Display 

FWft 

ON/OFF 

CONTROL 

Sweep  length 
shall  represent 
rrwdium  PHF. 

Swwp  length 
snail  do 
between  273 
and  253  nmi 


Figure  A.7.0-1  Example  of  Step/Procedure/Result  Variation  (continued) 
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Q.  [AS  applicable)  Install  ROCKET/TER  harnva* 
on  aircraft  (figure  51). 

h.  Remoua  tapo  from  stores  sensing  switches. 

|,  Position  ermament  ^witohaa  to  OFF  e*1  SAFE 
On  C87B7  AMAC  control  panel  (figure  S3). 

i,  (It  applicable)  EnsurB  OROP-HQUO  switch 
on  ARMAMENT  CONTROL  panel  Is  positioned  TO 
HOLD  and  that  seal  wi.**  with  coni  1*  installed 
(figure  53). 

k.  (If  applicable)  Ensure  the  AMAC  0S/5A 
lever  is  in  1h»  08  position  and  that  seal  wire  with 
tea  I  is  installed  (figure  S3). 

t,  Screw  branch  OOP*  and  AUX  connectors 

on  breech  chambers  fingertight. 
m.  Secure  air  access  panels. 

20.  JETTISON  SYSTEM  CHECK- 

21.  Accomplish  Jettison  *y*i«m  check  as  Mow* 

a,  Ensure  aircraft  preparation  procedures  era 
completed,  (fteferto  Aircraft  Preparation  paragraph.) 


b.  Tips  the  war*  eeneing  fwitoh  on  stations 
W5  and  W$  in  the  Up  position  (loaded)  (figure 
45). 

a  Connect  AN/AWM-67(V)  Test  Set  per  figures 
48  end  47- 

d.  Cock  DRU'l4/A  release  unit.  (Refer  to 
NAVAIR  01-S3AAA-76.) 

a.  Cock  and  latch  all  suspension  hooks,  (Refer 
10  NAVAIR  01 -S3 AAA-7 5.) 

22.  Proceed  to  table  7. 

23.  JETTISON  AND  RELEASE  SYSTEM  CHECK- 
ROCICET/DISPENSER  ON  PYLONS. 

I,  Install  dispenser/Uuncher  harness  towing 
pylon  connector  and  connect  ball  wire  to  ben  rod. 
Set  ACP  for  appropriate  weapon. 

b.  Connect  AN/AWM-674V)  Test  Set  per 
figures  45  and  47. 

C,  Perform  jettison  System  Chock  per  table  7 
with  the  following  exoepilpns;step5  5,  0  *hd  20; 
release  point  (RP)  8  shall  remain  blank, 

24.  Parform  Roeket/Dispanser  Release  System 
check  per  table  9. 


TABLE  t.  JETTISON  SYSTEM  CHECK 


Switch /Item 


Posittoti/ACtlon 


Indication 


1 

T3 

MAIN  POWER 

ACFT  SYSTEM  MAIN 
POWER 

2 

TS 

MEMORY 

RESET  (hen 

ON 

MODE 

SYSTEM-RKT 

2A 

ACP 

WPN  (ALL) 

Any  bomb/mine 

3 

CC 

EXT  PWR 

RESET  than  ON 

4 

RC8 

SAFETY  DISABLE  SAR 
&  JTSN 

Actuate  and  hold 

Figure  A8.0-1  Example  of  Step/Procedure/Result  With  Embedded  Graphics 
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TABLE  7  JETTISON  SYSTEM  CHECK  (CONT) 
L.C.UOH  PMltian/Aclian - 


indication 


LC  EXT  JETT 


Press  and  *•!»■** 


%  60/n<WiO 
PERMISSIBLE 


TS  MEMORY  B6SET  th*«  ON 

T$  READOUT  *w  t™) 

STATION  S 

RP  7 

LC  EXT  JETT  Press  tni  ralsM* 


Display  blank 


9 

TS 

READOUT 

BOO  to  1200 

10 

RC 

SAFETY  DISABLE 
SAR  h  JTSN 

Release 

“ 

11 

TS 

MEMORY 

READOUT 

RESET  than  ON 

OPF 

Display  blank 

12 

LC 

EXT  JETT 

press  and  release 

Display  blank 

12A 

TS 

memory 

RESET  *Bn  OFF 

id 

AC? 

AUTO/MAN 

Press  end  release 

AUTO  off,  MAN  on 

\  4 

ACP 

AUX 

W5S 

Figure  A8.0-1  Example  Of  Step/Procedure/Result  With  Embedded  Graphics  (continued) 
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Step  Location 

15  LC 
RCP 

i5A  re 

16  ACP 


TABLE  7.  JETTISON  SYSTEM  CHECK  (CONT) 


SwKch/lfm _ Po«Klow/Atttart 

MASTER  AHM  ON 

KILL  SAFETY  DISABLE  Acturt*  r»le»M 

MEMORY  RESET  th»n  ON 

■  I mi  ir  Pro»*  end  rales** 


Indication 


MSTR  ARM  light  Iftdioator  on 


i 

i 

SI 

• 

i 

~n 

3 

r. 

i! 

A  H 

(  T 

1  | 

7 

v» 

T 

_ 

3 

"T 

SbmT 

T 

■— 

i 

Ij 

**"1 

_V_ 

j 

Z 

HI 

T 

J _ 1 

I! 

. 

A»j_ 

NOTE;  GO*  NO-OO FgHMISSIBLf 


17 

TS 

memory 

RESET  Then  ON 

IB 

ACP 

station  select 

W5 

press  and  release 

10  AC*  ARM  SET 


Press  and  release 


Display  blank 

MSTR  ARM  light  indicate  off. 
STATION  SELECT  switch  light 
white  ARM  SET  switch  light  on 
UNLK  switch  light  off  S-  JETT 
switch  light  on 

ARM  SET  switch  light  off. 
STATION  SELECT  switch  light 
amber 


20  ACP  S.  JETT 


Press  and  release 


»un«B 


21 

TS 

MEMORY 

RESET  ihen  ON 

Display  blank 

22 

ACP 

AUX 

W5F 

S,  JETT  switch  light  on 

Figure  A 8.0-1  Example  of  Step/Procedure/ResuK  With  Embedded  Graphics  (continued) 
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TABLE  7.  JETTISON  SYSTEM  CHECK  (CQNT). 


Step  Location 
23  ACP 


gwHch/Ugw 

5.  JETT 


Pfliitlon/ActiQrt 


Prc99  and 


Indication 


24 

T5 

memory 

RESET  than  ON 

25 

ACP 

STATION  SELECT 

W5 

Press  end  release 

26 

ACP 

AUX 

OFF 

27 

ACP 

S.  JETT/UNLK 

Press  and  release 

26 

LC 

MASTER  ARM 

OFF  than  ON 

2d 

ACP 

s.  jErryuNiK 

Pres*  and  release 

30 

LC 

MASTER  ARM  OFF 

31 

Repeat  *t«p*  13  through  30  for 

STATION  6  0A/B5.  WSR 

32 

LC 

MASTER  ARM 

ON 

33 

RCP 

KILL  SAFETY  DISABLE  Actuate  and  release 

34 

ACP 

auto/man 

Press  end  release  as 

rBQuIrsd 

36 

ACP 

AUX 

31 

36 

ACP 

UNLK 

Press  and  release 

Display  blank 

STATION  SELECT 
Switch  lioht  oreen 

MSTR  ARM  light  indiMtor  on 

Display  wank 

MSTR  ARM  light  indicator  off 
Display  blank 


MSTR  ARM  light  indioeior  ort 

MAN  on  AUTO  Off 


UNIX  switch  light  on 


T 

*T 

1 

1 

** 

a 

ly 

— 

— 

-r 

— 

— 

"3fP 

l  * 

T 

” 

i;i 

■7 

“ 

■RIWT 

71 

“ 

— 

_ 

”8/i_ 

* » 

" 

___ 

ur 

i 

fT* 

1 

■Ht__ 

_ 

IJ 

IT 

_ 

_ 

_ 

tki 

NOTE:  60  ft  NO-GO  PtflMiSSIBLt 


Figure  A8.0-1  Example  of  Step/Procedure/Result  With  Embedded  Graphics  (continued) 
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_ TABLE  7.  JETTISON  SYSTEM  CHECK  (CONT) 

gwa  i  ocrtiow  iwltch/ltem _ pwUipn/ Action _ 


Indication 


37 

ACP 

AUX 

3a 

ACP 

UNLK 

38A 

ACP 

AUX 

388 

ACP 

UNLK 

39 

ACP 

AUX 

40 

ACP 

UNLK 

B2 


UNLK  switch  119m  on 


Press  and  r*l*3ie 


m»a» 


_ 

T 

T 

n 

V 

a 

INI 

% 

1  ¥ 
t  e 
« 1 

a  ■ 

1  1 

1 

l 

H* 

T 

B/A 

1 

— 

trA 

T 

-A— A 

ne««i 

T 

T73- 

llT 

T 

rr~ 

jJI 

7 

L- 

J2L. 

\  I - L-J - 1 - 1 - L . 

MOTEi  00  ft  NO.OO 


B3 

Pr*«  and  ralsase 


iTATIflh 


» 

1 

T" 

t 

> 

t  f 

1  a 
<  1 

a  n 

i  1 

t 

1 

T 

— 

— 

t«A 

_ 

3!rr 

Ml 

T 

<n 

□ 

Mi 

NOT5;  OO  ft  bO-<30  *ERMIKi»L5 


B4  UNLK  switch  light  on 

Press  end  release 


41  T$  MEMOAV 


RESET  then  ON  Oisplay  blBnk 


Figure  A8.0-1  Example  of  Step/Procedure/Result  With  Embedded  Graphics  (continued) 
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imtSOW^M  CHECK  (COND 

PotMlonMdiort_ 


Indication 


42 


STATION  SELECT  B«  N«*  *nd  ',leasl 


STATION  SELECT  switch 
wrKila  MSTR  ASM  light  Indicator 
off.  UNIX  *wl«h  light  off.  S. 
itTT  liaht  on.  ARM  SET 


43  ACP  ARM  SET 


Press  and  release 


arm  set  switch  light  out. 
STATION  SELECT  switch  light 
smbei* 


44 


ACP  S 


Press  and  release 


SIAM**. 


J 

HU 

J! 

11 

t 

T 

i 

«/r  | 

a 

i  r 

i  * 
i  i 
i  N 

1  1 
t 

T 

1 

T 

T 

■ 

T 

T 

— 

»»A 

rttj*- 
r  hi 

|  AM 

45  ACP  STATION  SELECT  84  P««  •"<* 


STATION  SELECT  switch  light 
grean 


4$  R»p«»t  Ktap*  42  throuflh  45  for  B3 


Figure  A8.0-1  Example  of  Step/Procedurettesult  With  Embedded  Graphics  (continued) 
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TABLE  7-  JETTISON  SYSTEM  CHECK  (CONT) 


utafafl  Switch /Itam  _,Pgsjtion/Actjon^ 

47  Repeat  step*  42  through  4$  for  B2 


4B  Repeat  step*  42  Through  45  to t  01 


Indication 


ITATIOi 


H#Tlf 


J 

T 

rr 

"7" 

• 

i 

• 

i 

immii 

ii  ■ 

— 

a 

T 

MR 

i  » 

> 

(/• 

i  \ 

i 

TIFT 

a  i 

,i  l 

T 

“ 

; 

-«4l_ 

;t 

r 

j|t 

i _ 

i 

_ 

mm- 

_ 

_ 

49 

TS 

MEMORY 

RESET  then  ON 

OlsDlay  blank 

SO 

ACP 

AUX 

6FF 

91 

ACP 

3,  JETT/AUX 

Proas  and  r«te6S6 

display  remains  blank 

52 

ACP 

auto/man 

Prose  end  release 

Display  renr>9lm  blank,  man 
switch  light  out  AUTO  Switch 
light  on 

63 

LC 

MASTER  ARM 

OFF 

MSTR  ARM  indicator  off 

TABLE  0,  ROCKET  JETTISON 

Step 

Location 

Swi  Ice/item 

Position/Action 

Indication 

1 

ACP 

AUX 

W5M 

Figure  A8.0-1  Example  of  Step/Procedure/Result  With  Embedded  Graphics  (continued) 
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AP.O  DECISION  TREE 

The  following  is  an  example  of  a  graphical  decision  tree  as  found  in  troubleshooting  information. 
This  type  of  page  accounted  for  549  out  of  13, 518  pages  surveye  . 


NAVAIR  01  -S3 AAA-2-3. 1 3 

Change  9 

[*] 


005  00 

Page  1* 


M 


COPILOT  DISPLAY  0AOB0C 
circuit  brqikw  will  nqt  iWv 

anflaow*-  _ . 

I  z 

•  Disconnect  Copilot’s  display 
(NAVAlR  01-33AAA-2  4,13  WP  - 
006  00). 

•  Close COPILOT  DISPLAY  0A 
OdQC  circuit  brMkef, 

Is  circuit  br*akcf  ddied? 

NO 

I  _ . 

Troubleshoot  aircraft  wiring 

INAVAlP  01-S3AAA-5.S.13SWP 

003  02). 

PiUOT  DISPLAY  0A0B0C  ci* 
cuit  breaker  will  not  tt&Y  engaged. 

1  - — . 

•  Disconnect  Pitot's  display  A  ^ 
(NAVAIR  01-S3AAA-2  A13 WP 

|  006  00). 

•  Close  PILOT  DISPLAY  0A0B 

0C  circuit  breaker, 

is  circuit  breaker  closed? 

NO 

♦ _ . 

TrouOlssnoot  aircraft  wiring 
(NAVAIR  01-S3AAA-2-5.13  Sw? 
003  021  1 

Replace  Copilot’s  display 
(NAVAIR  OI  SJAAASA.Il  WP 
008  00).  _ _ 


hYES- 


Rcpiace  Pilpt's  display  1NAVAIR 
01S3A  AA-2-4.1 3VVR006  00), 


□ 


S3  A2*3. 1 3(  3)OS02  ( 1 ) 

Rnved  TadJwl-AcouStie  Display  Indicator  Croup  Power  Turrwin TroubteJhMhng Diacfam  1 

*****  not  modllted  by  ECP  S3  376C2) (Sheet  1  d  5)  | 


Figure  A9.0-1  Example  of  Decision  Tree 
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S3A2  3.13(3)050312) 


«fu«4.  Tact  lea  I- Acoustic  Dfeobr  Hrikato  Group  P™' Dia8ram 
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Figure  A9.0-1  Example  of  Decision  Tree  (continued) 
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DO 


AUXILIARY  READOUT  ®A0B 
0C  circuit  breaker  will  not  itay 

_ 


»  Disconnect  AftU  (NAVAIft 
01-53AAA-2^.13WP006  00). 
•  Close  AUXILIARY  READOUT 

0AQB0C  circuit  broker, 


LYES- 


Is  circuit  breaker  closed7 


RoolaceARUlNAVAlR  I 

01-33  AAA'2-4- 13  WP  005  °0).  J 


NO 

Jl 


Troubleshoot  aircraft  wiring 
(NAVAIR  01-S3AAA-2-5  T3  SWP 

003  02}, 


w 


DISPLAY  GENERATOR  ®A©B 
OC  circuit  breakw  will  not  stay 
engaged. 


*  QiaconrtfiCl  DGU  (NAVAlA 
01-S3  AAA-2-4.1 3  WP  006  00} 

•  dot*  DISPLAY  GENERATOR 
0  A0B0C  circuit  breaker. 

Is  circuit  breaker  closed? 

T 


Vyes- 


•  Verify  thet  OGU  0N/0fP 
switch  il  in  0*F  position. 

•  Gain  access  to  DGU  power  sup¬ 
ply  SRA's  by  loosening  fasteners 
and  raisino  hinged  door  at  top  of 
d%«sis. 

•  Unscrew  mounting  screws  of 
power  supply  SRA  retaining 
bracket,  end  remote  bracket. 

•  Remove  VR1  card,  and  replace 
with  VR7  card. 

•  Replace  VR7  card  win  removed 
VRlcerd. 

•  Replace  SRA  retaining  bracket 

t  Reconnect  DGU  (NAVAIR  01* 
S3  AAA-2-4.1 3  WP  006  00). 

Is  DISPLAY  GENERATOR  0A 
OBOC  circuit  breaker  ciregd? 

NO  ~~~ 


I— YES 

i 

[FA] 


NO 

± 


Troubled  eoi  aircraft  wlnng 
INAVAIR  01-S3AAA-2-5.13  SWP 
003  02). _ 


[FA] 


Secure  new  Vfll  circuit  card. 
Return  to  power  xurn»ontest, 


□ 


•  Set  DGU  OWOFF  switch  to 
OPP. 

•  Gain  access  TO  power  supply 
circuit  cards. 

•  Remove  VR*  «rd,  and  roplac® 
with  V  RIO  card. 

•  Replace  VRtO  card  with 
removed  VR4cafd. 

»  Replace  SRA  retaining  bracket. 

#5et  OGU  ON/OPF  switch  to 
ON.  _ 


Is  DISPLAY  GENERATOR  ©A 
OBOC  circuit  breaker  closed? 


hYES 

\ 

[FB] 


NO 


[fb][ 


Secure  new  VR4  circuit  card. 
Return  to  power  turn-on  test. 


[FC] 


S3A2-3. 1 3(3)050213) 


Figure  A9.0-1  Example  of  Decision  Tree  (continued) 
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•  Set  DGU  ON/OFF  switch  to 
OFF. 

•  Gain  access  to  power  supply 
circuit  cards- 

+  Ram«v9  VR2  card,  and  replacfr 
wlih  VR8  card. 

p  Replace  VFB  card  with 
removed  VR2  card. 

•  Replace  SRA  retaining  bracket. 

•  Set  DGU  ON/OFF  switch  to 
ON. 


Lyss. 


Secure  new  VR2  circuit 
Return  to  power  turn-on 


lit  card. 

■on  test. 


it  oi splay  generator  ©a 

OB  SC  circuit  breaker  elated? 

NO 

_ * - 

•  Set  DGU  0N/OFF  switch  to 
OFF. 

•  Gain  ace«s  to  power  supply 
circuit  cards. 

•  Remove  VRScard,  and  replace 
with  VR 11  card. 

»  Replace  VR9  card  with  removed 
VP3  cord. 

e  Reolace  SftA  retaining  bracket 
t  Set  DGU  ON/OFF  switch  CO 
ON. _ _ 

1<  display  generator  0A 

OB0C  circuit  breaker  closed? 

NO  *” 

*$et  DGU  ON/OFF  switch  to 
OFF. 

•  Gain  Bccfcra  to  power  supply 

circuit  cards. 

•  Remove  VR3  card,  and  replace 
with  VR9  carri- 

o  Replace  vR9card  with  removed 
VR3  card. 

9  Replace  $fi  A  retaining  brec^nt. 

•  $et  DGU  ON/OFF  switch  to 

ON. _ _ 

ITdisplay  GENERATOR  OA 
QBflC  circuit  breaker  dosfld? 

Nt) 


NOTE 

1  Although  DGU  BITE  indicator  may 
not  indicate  a  fault,  previous  flight 
operations  or  SAT  fault  isolation  can 
indicate  that  the  DGU  »$8t  fault. 

2  DGU21S75M03SRA  Caddy  Kit 
required. 

3  Use  BD2M01  Universal  Card 
PuMer  to  remove  SftA  circuit  cards. 

4  See  figure  5  for  location  of  SR  A 

power  supply  circuit  cards  In  DGU. 

5  Sm  table  3  for  circuit  card  num¬ 
bers  end  fanction, 

S  See  figure  19  for  DGU  block 
diagram. 


^  f  Secure  new  VR5  circuit  card.  1 

— YE5—+1  Return  to  power  turn-on  test.  | 


-YES- 


Secure  new  Vfl3  circuit  card. 
R«um  to  power  turn-en  tart. 


[FO] 

Ticticai-AcousUc  Display  Indcattr  Group  CMa®rarn 

(Applicable  to  aircraft  not  modified  by  CCF  3>-37ttC2)CQh«ct4) 


Figure  4. 


Figure  A9.0-1  Example  of  Decision  Tree  (continued) 
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+  OGU  ON/OFP  Switch  tc 
OFF. 

*  Gain  teces;  to  power  supply 
circuit  cardt 

«  Remove  Vft6  card,  and  replacff 
with  VR12  e ord- 
■  Replace  VR12  card  with 
removed  VR6  card 

#  Replace  SR  A  retaining  bracks. 
* S»t  OGU  ON/OFF  switch  to 

ON. 


■VES¬ 


TS  DISPLAY  GENERATOR  ©A 
QBffiC  dreuit  breaker  dosed? 


Secure  new  VR6  circuit  card. 
R«Mrn  to  p^wer  tum-b*  WIT, 


NO 


T 

Replace  DGU  (NAV  AIR  01^ 
S3AAA-2  4.13  WP  006  00K^ 


NOTE 


1  Although  DGU  BITE  indicator 

may  not  Indicate  9  fault,  previ- 
6l»  flight  operations  or  SAT 
fault  isolation  can  indicate  that 
the  DGU  is  at  fault 

2  DGU  216707-103  5RA  Caddy 

Kit  reauired. 

3  Us*  BD21-10T  Universal  Card 
Puller  to  remove  SRA  circuit 


4 


cards. 

See  figure  5  for  location  of  SB  A 
power  supply  circuit  cards  m  DGU. 


5  See  table  3  for  circuit  card  num« 
bere  and  function. 

G  See  figure  19  for  DGU  block 
diagram. 


Figure  4. 


KlfcM.  13UJ056J IV) 


Figure  A9.0-1  Example  of  Decision  Tree  (continued) 
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The  following  is  an  example  of  a  graphical  decision  tree  with  corresponding  table  as  found  in 
troubleshooting  information.  This  type  of  page  accounted  for  164  out  of  13, 5 18  pages  surveyed. 


A1-F18AC-270-200 

Table  5.  No  Wlndmlll/Spooldown  Alnlart 


005  00 

Pies  32 


Descriptions 


£w»l.  Dw*! fc  fc  «#•  -"Iw  «•■*«*■*»■»■*  *  •— «*  • 

crMStolead  stmt  nay  be  wjuiied. 

Kcv  Question*  to  Ask  Prior  to  Troubleshooting: 


l.  Did  «*«  attempt  accur  whilt  airmift.  was  op«ratin5  eut«ide  the  flight  enretope? 
1  Was  ■  croasbleed  Jiart  attempted?  Was  Si  successful? 

Support  Equipment  Required 
None 

Materials  Required 
None 

NOTE 

For  component  locator,  itffir  *0  WP004  OQ, 


Figure  A10.0-1  Example  of  Decision  Tree  With  Corresponding  Table 
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itt-rt-M-r-*-* 

Tabl«  3.  No  Wlndmlll/Spooldown  Alrrtart  (Continued)  I 

Figure  A1O.0-1  Example  of  Decision  Tree  With  Corresponding  Table  (continued) 
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Table  S.  Ho  WlndrolU/3pcoldown  Airstart  (Contlmiad) 


Step 

of  Cheek 

1.A 

Refer  to  NATOfS  (Al-FiaAC-NFM-OOO.  Section  V,  fart  *). 

l.B 

F  CAV110N  1 

M«V.  thrtufh  engine  inlet  duct  cue  fully  to  prevent  doaoje  to 
vorteic  generator*  on  lower  lurfici  midway  down  th*  duct. 

1.  Enter  engine  Wet  duel. 

2,  Inspect  f An  blades  *nd  vane*  (Al*Pl8AC-27 0-300.  WP063  00). 

l.C 

Reploce  .npne  (Al-riflAC-270-300,  WP003  00)  end  do  K*D  til 

I.D 

US 

Do  aubslepa  bel#*: 

1.  ShuE  down  engine  under  Snyeatigntion  {Al-Fl0ACrLMM-OOO). 

2.  Open  door  88L  or  R 

3'  Rmo^wS^ash  Check  valve  from  engine  bleed  air  dun  or  cover  plate  from 

m({A*  bind  At  duel  (Al.Ft8AC-4l0.300.  WP0O5  00). 

°B  Ream  pressure  sensing  tube  (Al-PUAC-410400,  WP004  00) 

4.  Surt  oppo*ite  sngine  (Al-Fl8AC*lvMM-000). 

i.f 

Co  to  the  correct  tibl.  is  lbl>  wwi  peekaga  for  lb*  symptom: 

Me  Start:  TeUel 

Hot  Start  TebloS 

Stall  During  Start:  Table  3 

1.G 

Replace  engine  Meed  air  check  valve  (Ai.F18AC-4lO.300,  WP006  00)  and  do  Step  1.ZZ. 

1-H 

Replace  main  fuel  control  (MFC)  (A1-F18AC-2TO-300,  WT008  00)  and  do  step  1  XL  _ 

Figure  AlO.O-1  Example  of  Decision  Tree  With  Corresponding  Table  (continued) 
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Table  3.  Wo  WlndmHI/Sp<oldo*n  Alntart  (Continued) 


Step 

TaPte  3.  rw  iwhwi— ■/ - - 

Dvtlllt  of  ChBCk  J 

1.2Z 

; _ - 

If  opened,  dbconurwO  or  r^ov.d  during  tola  pr«tdur.,  n**  »»«  0»t  «h.  flowing 
(lama  art  dowti  Connected  W  implied: 

1.  Door  661*  «r  R 

2.  finldSB  bleed  check  vaWe 

3.  MFC 

4.  Pressure  sensing  tube 

5  Water  wtaheheckreto  or  cowr  plate 

Figure  A10.0-1  Example  of  Decision  Tree  With  Corresponding  Table  (continued) 
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All.O  MAINTENANCE  CODES/FAILURE  CODES 

Tb  MTowin  t  is  an  example  of  a  maintenance  codes/failure  codes  table  as  found  in 
SSb “g  information.  This  we  of  Uhl.  account  for  553  on,  of  .3, 518  p,g«  surveyed. 
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Table  l.  a  ^  1  Prt*  "«adout  """P”'*'™ 


Oat*  Readout 


Signal  Line 


Launcher1 

Connocter/PIn 


Maintenance 

Action 


w.  ....  fMd00l  u  *her  than  llueed  to  the  Date  »nltipl. 

lading  urae.  cc  tt.  I*  t***  «. 

L. leered.  When  an  XU  h>  «•  ~  **  *U 

octal  digit  locations  in  (hi*  procedure,  digit  U  ignortd 

EXAM?LF:  Data  raadoot  i.  OWOOXXSXXX;  check  elgnal  line,  ter  date 
readout  XXdXXX  and  XXlXXX. 

Launcher  Connector.-Pin  Column  ».t*  the  l*w«h*r  dUconnac^irt  ?or  the 
WUH  Srard  line(a)  Troubleahoot  aipiol  line.  u*tns  »•*  u*l*d  m 

Ef i^^LSTcahtnuu  W.  1 1*  «»•  «nP— “ 

thwe  follnrea*  _  _  - - 


xaaxxx 


X4XXXX 


xzxxxx 


MM-S  Audio 


No  Store  Pzeaent  AIM-*  Idem 


T^vnty  PTv*  Volte  115 vac  0C 


Coolant  Control 

AIM-9  Audio 

Launch  Command 

Miwlcr  Ana 
(LAV-7) 

LAU-127  Unlock 

Command  1 

LAU-127  Unlock 
Command  1 


feiP-W21$  pin  IS  Du  !' 
I  »  61J.W2M  pin  42  WP212  00. 


OlP-W5»ia  pin  26  Do  Uble  % 
or  61J-W254  plft  3«  WP212  00. 

6lP’W213  pin  9  of  Do  table  1. 
6lJ-W2Mpm52  WP213  00. 

61?'W213  pin  l« 

«■  6U-W2^  pin  63 

WP.W213  pin  20 
6f  61J-W254  Pin  10 

$iP-W&l*  fi»  » 
or  51J-W2M  pin  42 

61P-W213  pin  1  or 

61J.W254  pin  4 

61P-W213  pin  6 


SW-W254  pin  2B 


51J-W25*  pin  l> 


Figure  All.O-1  Example  of  Maintenance  Codes/Failure  Codes 
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Table  1.  station  2  Left  Word  1  Data  Readout  Interpretation  (Continued) 


Data  Readout 


X50C4XX 


Signal  Uit* 


Uunehar 

Conn«otor/Pin 


Maintenance 

Action 


--  —  - 

XlXXXX 

End  To  End  Twtcr 

P/AMnc 

AiM'9  Ident 

6XP-W213  pin  28 
ot  61J-W2M  pin  J8 

Dv  uble  2. 

WP213  00. 

XX4XXX 

Stray  Voltage 

ll£v*c  0C 

61P.W213  pin  S  nr 
6U-W254  pin  i2 

Do  table  1. 

WP214  00. 

Ground 

61P-W21J  pin  16 
or  61J-W25*  pin  S3 

xmxx 

Flra  Twt 

Launch  Command 

61P-VV213  pin  L  «r 
$IJ.W254  pi*  4 

Do  t*Mo2, 
wp?u  00. 

Mwtar  Arm 
(LAU.7) 

0LF-W213  pin  6 

LAU-lfe7  Unlook 
Command  2 

eu-wa&A  pin  m 

LAU-127  Unlock 
CettttiAnd  1 

61J-W254  pin  10 

xxixxx 

Stray  Voltage  BIT 

Launch  Conuvind 

61P-W213  pin  1  Or 

C1J-W254  pin  4 

Do  table  1, 
WFSlsoa 

Motor  Arm 

CLAU-7) 

61P-W2L3  pin  0 

LAV-127  Unlock 
Command  2 

6LJ-W254  pin  26 

LAU-127  Unlock 
Command  1 

f  1J.W254  pin  10 

Fir*  OFF 


Launch  Command 


M»t«  Ann 

(IAU-T) 

LAU-127  Unlock 
Command  2 

LAU-127  Unlock 
Conmuod  1 


61P.W213  pin  l*r  Do  ttblo  2. 
61J-W2S4  pin  A  WP214  00. 

01P-W215  pin  « 


&1J.W254  Dirt  26 


01J-W354  pin  18 


Figure  All. 0-1  Example  of  Maintenance  Codes/Failure  Codes  (continued) 
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Table  L  Station  2  Left  Word  1  Data  Readout  Interpreted  (Continued) 


laote  i 

Dote  R«deat 

Teat 

Signal  Lira 

Launcher 

Conrtaetoe/PIn 

Maintenance 

Action 

XXX2XX 

Head  Command 

Head  Command 

61P-W213  pin  22 
or  8LJ-W254  pin  1$ 

Do  table  2, 

WP215  00. 

Manual  Uueajfl 

eip-wtu  p!a  55 
or  31J-W264  pin  8 

XXX1XX 

UrtMg* 

AcCjliilitiof) 

Lambda 

61P-W213  pin  21 
or  8lJ*W2Si  pin  1« 

Do  table  ip 

WP216  00. 

xxxxix 

Right/Lift 

Reference 

Rlghi/Lift 

Reference 

51P-W213  pin  23 
or  8U-W2W  pin  44 

Do  table  Xt 

W?2i6  00. 

XXXX4X 

Stray  Voltage 

115  vac  0C 

61P-W213  pin  9  or 
61J-W254  pin  S2 

Do  table  l, 

WP23L4  00. 

Giwnd 

61P-W213  pin  IS 
or6U-W254  pln» 

xxxx»x 

Po  wap  OFF 

L  26vdc 

51P-W213  pin  1* 
or  61J-W254  pin  30 

Datable*, 

WP216  00. 

Table  2.  Station  2  Right  Word  2  Data  Readout  Interpretation 


Data  Readout 

To* 

Eigne)  Una 

Launcher 

cennector/pln 

Maintenance 

Action 

Whet 

bill 

add  1 

the  E 

and 

*pd 

octal 

EXA 

read* 

Lanr 

foil* 
the  l 

then 

NOTE 

data  readout  is  other  than  Hated  in  the  Data  TUadevt  column,  m 
bxJiL  Troubleshoot  Nl  lifttal  lines  for  the  Teit/Signnl  deecription* 
p  c*  tho  Rileti mg  data  readout.  There  are  eleven  octal  digit  loeafcio 
«Dl  DATA  readout  The  lix  octal  digita  to  the  right  are  the  data  ri 
WCh  location  reads  O  W  7.  The  five  Uadlftg  i*k>«  ta  the  left  wnwi 
m  ignored.  When  m  X  h  indicated  in  one  or  more  of  the  vix  right 
dipt  locations  in  thie  proc cdiirt,  that  digit  li  Ignored- 

M?IR  Data  readmit  it  OOOOOXXSXXX;  threk  epud  llnre  for  dal 
XX4XXX  And  XX1XYX. 

isher  Conn.CtgjI’PIn  Cohiinn  liM»  *•  1— dl,w~vMt/pin  for  ' 
i  signal  linc(s).  Troubleehoet  signal  lines  using  the  work  paefcag*  1 
dainiattaare  Aetion  column.  Table  1  lilt.  Hit  eompontnti  that  can 
p  tailings.  _ 

altlple 
which 
om  in 

Nidcut 
n  wro 

most 

ft 

th* 

iated  in 
i  cause 

X2axxx 

AIM*  Audio 

Slf -W512  pin  19 
or  SU.W253  pin  42 

Do  table  1. 

WF217  00, 

Figure  All.0-1  Example  of  Maintenance  Codes/Failure  Codes  (continued) 
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Station  2  Right  Word  2  Data  Readout  Interpretation  (Continued) 

I  i  !  uuncn«r  I  NalntenonP# 


Data  Rttdout 

T«it 

Signal  Line 

Cdnn«ctor/Pln 

Action 

X4XXXX  1 

No  Store  f  resent  i 

MM-9  Went  1 

( 

llp.WJia  pin  K  1 
ar  6lJ*W253  pin  38  ’ 

Do  table  1, 
WP219  00. 

X2XXXX 

IwaAcy  Five  Vella 

LL5vae  «C 

61P-W212  pm  9  or 
61J-W2S3  pin  $2 

Do  table  2> 
WP2L8  00. 

i 

Ground 

61P-W212  pin  16 

,r«U-W253  pin®* 

Cooler*  Control 

61P-W212  pin  20 
or  6U-W253  pin  10 

ATM-9  Audio 

UP-W212  pin  10 
or  61J-W253  pin  42 

Launch  Command 

61P-W212  pin  1« 

61 J-W253  pin  4 

Mfiflter  Ann 
<laU-U 

61P-W212  pin  6 

LAO -127  Unlock 
ComMnd  2 

6LJ-W253  pin  26 

LAU-tf?  Unlook 
Command  1 

eiJ-WSSS  pin  1* 

X1XXXX 

Ewi  To  End  Tester 
PMSBrtt 

AIM<9  Ident 

8l7‘WH2  pin  20 
tr  6U-W253  pin  38 

Do  table  l. 
wpat9  oo. 

xxixxx 

Str ay  V<diagt 

ilovacOC 

81P-W212  pin  9  or 
S1J-WM3  pin  52 

Do  table  % 
WP219  00. 

Ground 

61P-W2I2  pl»  M 
of  91J.W253  pin  32 

XXZXXX 

Fire  Tent 

Leiinok  Co  nun  and 

61P-W2I4  pin  1  Of 

«li-W2S3  pin  4 

Do  table  l. 
W?220  00, 

Matter  Arm 
(LAO-7) 

61P-W212  pin  6 

LAIM27  Unlock 
Command  Z 

6U.W253  pi«  26 

IAU-127  Unlock 
Command  1 

61J-WZ8S  pin  IS 

Figure  All.0-1  Example  of  Maintenance  Codes/Failure  Codes  (continued) 
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Table  2.  Station  2  Right  Word  2  Data  Readout  interpretation  (Continued) 


Taoie  c*  ox 

Dal*  Readout 

9IIDn  & 

Tail 

Sipisl  Lina 

Launcher 

ConniCtor/PJ" 

Mifnt<inancti 

Action 

XXlXXX 

Stray  Voltega  BrT 

Launch  Command 

BIP-W212  pin  1  or 
61J-W253  pin  4 

Do  tabU  2, 

WP220  00. 

Master  Ara> 

(LAU-7) 

61P-W212  pin  6 

LAU-U7  Unlock 
Command  2 

6U-WZ53  pin  25 

LAU.127  Unlock 
Commouv}  1 

61J-W2S3  pin  19 

5CXX4XX 

Fire  OFF 

Launch  Command 

3IP-W212  pin  1  or 
S1J-W25J  pin  4 

Do  Mbla  1. 

WP220  00. 

^footer  Arm 

(UU-7) 

6IP-W212  pin  6 

1AU-UT  Unlock 
Command  2 

6U-W2S3  pin  26 

LAD-127  Unlock 

Conu&And  1 

61J-W253  pin  18 

xxmx 

Head  Command 

Haad  Command 

61F-W212  pin  22 
or  6U-W263  pin  IS 

Do  iaVIe  1, 

WP221  oo. 

Manual  Un»p 

81P-W212  pin  25 
or  61 J-W255  pin  8 

xxxixx 

Unefife 

Acquisition 

Lambda 

$1P-W212  pin  21 

or  61J-W2N  pin  16 

Datable  2, 

VfF22l  00. 

XXXXlX 

RigWLaft 

Refeftnea 

Righi/Lift 

Roferencn 

61P-W212  pin  23 
or  6U-W253  pin  44 

Do  tabU  % 

WF22100. 

XXXX4X 

$U*y  Volume 

llBvec  9C 

01P-W212  pin  $  or 
61J-V253  pin  #2 

Do  eoti*  2r 

WP219  00, 

Creurul 

81P.W212  pii»  16 

Or  61J-W253  pin  53 

XXXX2X 

Power  OFF 

l  Sflvdc 

61P-W2U  pin  16 
w  61J-W25J  pin  SO 

Do  tabU  L, 

WP222  00.  | 

Figure  All.0-1  Example  of  Maintenance  Codes/Failure  Codes  (continued) 
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A12.0  TEXT  IN  PARAGRAPH  FORM 

The  following  is  an  example  of  a  page  of  text  in  paragraph  form  as  found  in  troubleshooting 
information.  This  type  of  page  accounted  for  143  out  of  13. 518  pages  surveyed. 


NAVAIR  0 1  -S3 AAA-2-3. 1 3 

Cbort$*  7—1  Qct°b«r  1063 


003  00 

Page  2 


Alphabetical  index 

Pa&t 

Subject  5!fis 

Teating  and  Troubleshooting .  J 

orr-ilne . . . ■ 

On-Hoe .  2 


Record  of  Applicable  Technical  Directives 
None 


1.  TKTIMC  AND  TROUDL6SH0OTINC. 

2.  Testing  and  troubleshooting  the  Signal  Oats 
Recorder-Reproducer  RM4B/ASN  (digital  magnetic 
tape  unit)  (figure  1)  consfata  of  on-line  performance 
of  thn  system  teat  program  (STP),  offJJna  fault 

isolation  of  wring  harness  and  connectors,  and 

observer)  a*  of  the  weapon  replaceable  aoeambly 

built-in  test  equipment  (BITE)  indicator, 

3.  ON-LINE  The  Signal  Date  Recorder-Reproducer 
RD-340/ASH  i$  tested  on-line  by  the  General 
Purpose  Digital  Computer  AN/AYK-10(  )(V)  (GPDC) 
STP  during  prefllght  end  maintenance  analysis, 
and  by  in-fltghi  parforirunCo  monitoring  IlFPM) 

during  normal  operations.  The  GPDC  $TP  consists 
|  of  a  system  avionics  ten  15AT)  which  reports  go/ 
no  go  status,  and  which  isolates  and  reports  mal- 

I  functions  *n  specific  components,  When  the  SAT 

advises  replacement  of  tfre  digital  magnotie  tape 

unit  (DMTUI  replacement  procedures  are  con¬ 
tained  In  NAVAIR  01-S3AAA-2-4.13WP  003  QO, 
replace  the  tape  cartridge  transport  and  rerun  the 
I  SAT.  |f  the  SAT  again  advises  replacement,  re¬ 
place  the  DMTU  (replacement  proeedurwere  eon- 
T3i ned  In  NAVAl  R  0 1 -S3AAA-2-4. 1 3  WP  003  DO) . 
Procedures  to  perform  the  GPDC  STP  are  pro¬ 
vided  in  NAVAIR  01 -S3 AAA-2-3.1  SWP  005  05. 


4.  IFPM  is  conducted  during  normal  operation 

each  time  a  aerial  word  is  transferred  to  the  GPDC 
Bit  35  of  each  GPDC  30-oit  input  word  >s  reserved 
to  report  equipment  status  (NAVAIR  01 -S3AAA-2- 
2.13  WP  003  00). 

5.  On-line  fault  detection  it  displayed  on  the 
Tactfeat-AeeviSti©  Di*pl*Y  Indicator  Group  AN/A$A- 

82,  commonly  termed  tactical  display  set  (TOSL 
In  the  form  or  cues  and  alerts.  Amplifying  remarks 
ere  provided  on  the  TDS.  Amplifying  remarks 
■re  Initiated  as  the  operator  responds  io  cuas  by 
exercising  The  Computer-indicator  Control  Group 
0K-184(  l/ASQ-1 47  keysets.  Amplifying  remarks 
provided  during  operation  of  the  STP  guide  the 
technician  to  maintenance  actions  in  NAVAIR 
qi*53aaa*2-4,i3  vyp  003  00,  Amplifying  remirks 
during  IFPM  guide  the  operator  in  determining  ■ 
degraded  Or  exclusive  mode  of  operation. 

8.  OFF-LINE,  Off-line  troubleshooting  cpnalsta  of 
wiring  and  connector  fault  Isolation  using  common 
ground  support  equipment  and  standard  techniques. 
Principles  of  operation  (NAVAffl  01-S3AAA-2-2.13 
WP  003  00)  provide*  an  aid  to  the  maintenance 
technician.  Wiring  harness  and  connector  repair 
instructions  arc  provided  In  NaVaJR  0 1  -$3AAA-2-5,2 
WP001  00.  TheSIgnal  Data  Recorder-Reproducer 
HQ-34 6/ash  power  distribution  diagram  ie  shown 
in  figure  2- 


Figure  A12.0-1  Example  of  Text  in  Paragraph  Form 
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A13.0  TEXT  IN  OUTLINE  FORM 

The  following  is  an  example  of  a  page  of  text  in 

information.  This  type  of  page  accounted  for  612  out 


outline  form  as 
of  13. 518  pages 


found  in 
surveyed. 


troubleshooting 


NAVAIR  01-S3AAA-2-3.13 


Chanee9-1  August  1987 

I.  limp  Test 

CMlTloiT"] 

Enjufe  that  noolinfl  It  provided  befor*  the 
TDS  is  energUed.  Inspect  DGU  air  hose 

co-ntetipn*  whenever  Is  l*  euapeewd  that 

the  DGU/MPO  thermal  protection  circuit* 

nave  acirvatea- 


b.  Verify  that  EXT  PWH  switch  On  ELECTRIC 

PWA  panel  on  center  console  il  set  to  ON, 

b.  If  Pilot's  display  edge-lighted  panel  is  not 
on,  replace  lempf*). 

c.  Replace  lamps  as  follows: 

(1|  Turn  MODE  control  switch  on  Pilot’s 

display  to  OFF. 

(2)  Loosen  mounting  aerowa  on  control 
knobs  and  remove  knobs. 

(3)  Loosen  mounting  screws  and  remove 
control  panel  assembly. 

(4)  Unscrew  failed  lamp  holder  on  back 
aide  or  control  parol  ewamWy  and  replace  felled 
lamp, 

d.  Reinstall  control  panel  assembly,  and  roinftrell 
control  knobs, 

e.  Verify  that  Pilot's  display  edge-lighted  pmel 

is  Oh, 

f.  If  Copilot's  display  edge-lighted  panel  Is  not 
on,  replace  Tailed  lempfs)  m  accordance  with  steps 
c,  6,  and  e, 

g.  if  TACCO  or  SENSO  multipurpose  display 
(MPD)  edge-lighted  panel  it  not  Oft.  replace  failed 
Jamp(a).  Replace  lemp(e)  e»  follows: 

(If  Turn  MODE  control  Switch  Oft  TACCQ 
or  SENSO  MPD  to  OFF. 

(2)  Looeen  mounting  sorows  on  oontrol 
knobs  and  remove  knobs, 


005  00 

P.g.  8 

(3)  Loosen  mounting  screws  Bnd  remove 
control  panel  assembly- 

(4)  Unscrew  felled  lamp  holder  on  baak 
$ide  Of  control  panel  assembly  and  replace  failed 
iBmp. 

h.  Reinstall  control  panel  assembly  and  reinstall 
oOntrOl  knobs. 

L  Verify  that  TACCO  or  SENSO  MPO  edge-lighted 
panel  is  on. 

j.  if  auxiliary  readout  unit  CAHU)  edge-lighted 
panel  is  not  on,  replace  failed  lomp(s).  Replace 
lomp(*|  •»  foil  owe: 

(1)  Turn  MODE  control  on  ARU  to  OFF. 

(2)  Loosen  mounting  *crows  on  control 

knobs  and  remove  knobi. 

(3)  Loosen  mounting  screws  and  remove 
control  panel  assembly, 

(4)  Unscrew  failed  lamp  holder  on  beck 
tide  of  control  penal  assembly  and  replace  failed 
lamp, 

K,  Reinstall  control  panel  assembly  and  reinstall 
control  knob#. 

I.  verify  that  aru  eage-dgmed  panel  is  on. 

9>  Tactical  Indicator  IP- 1051 /ASA-62  Functional 
Checkout.  (Figure  6.) 

a.  Set  MODE  switch  on  Pilot's  display  to 
TEST,  end  set  TEST  switch  to  CAT-GRAPH.  Turn 
BRT  and  TOCU3  control*  for  best  display.  Check 

that  display  Is  mo  same  es  tost  pattern  i  (figure 
7\ _  Figure  8lA] 


For  alrcrart  modified  by  ECP  S3-378C2  Figure  BA  I 
[A|.  I 

b.  Set  TEST  switch  Oh  Pilot's  display  lo 
DGU-CONIC,  -CHAR,  or  -VEC,  Check  that  display 
1«  the  same  es  test  pattern  2  (figure  7). 

_  Figure  B[Q| 

For  aircraft  modified  bv  ECP  S3-37BC2  Figure  8A  I 
IB1.  | 


Figure  A13.0-1  Example  of  Text  in  Outline  Form 
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A14.0  GRAPHIC 

The  following  is  on  example  of  a  gmphio  figure  as  found  in  teoubkskooting  Mormonon.  Tins 
type  of  page  accounted  for  1 ,382  out  of  13,  5 18  pages  surveyed. 
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OETAIL  (g) 

MASTER  ARM  RANCl  ASSEMBLY 


’V' 


SELECTIVE  JETTISON 
UNIT  A>» 


NOTE 

(7>  deleted 

(TV  AIRCRAFT  S£R‘AL  NO  1S01?0  AND  5VBSEQUtwT 
^  ARD  AIRCRAFT  MOOfFieO  BY  6CP 


DETAIL  (|) 
master  arm  indicator 
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A -69 


JAN.  22. 139S  3:43AM  MAtfTECK  F.UIM? 


NO.  3E41  r.  :s 


NAVAIR  01-S3AAA-2-3.13 


009  00 

Page  6 


DETAIL  0 

COMMAND  SIGNAL  OECODE* 

RV74«f  |/A»H7 


DETAIL  0 


bomb  iay  Distribution  jox 

J-306WASQ- 1  #7 

S3A2.11DI3)09OH2) 


Figure  1.  Armament  Subitem  Control  Croup  0K4B3<  )>A$Q-147  Component  Location  Diagram 
*  (Shut  2) 


Figure  A14.0-1  Example  of  Graphic  (continued) 


A -70 


JAN.  22.  199£  9:43AM  MANTECE  FA'.EMON? 


NO.  3641  P.  2C 


NAVAIR  01 -S3AAA-2-3. 1 3 


009  00 

Page  7 


WING  PUOK 


detail  © 


COMMANO  OiCOOER 

KY-7451  W$0*H7 


-i- 

a 

— 9-. 

J2  ^ 

d: 

d: 

DETAIL  (R) 

STORES  PYLO^  distribution  SO* 

J.307Q/A$cm7 

Q3A3 


Figure  j.  Armament  S.b»y,«em  Contra!  Group .OfrllK  JMSQ-147  Component  Mi  «*V» 
•  <Sh*®»  3) 


Figure  A14.0-1  Example  of  Graphic  (continued) 


JAN.  22.  1999  9:43AM  MANTECE  FAIEMON? 


N0.3E41  P.  21 


A15.0  GENERAL  TABLE 

The  following  is  an  example  of  a  general  table  as  found  in  troubleshooting  information.  This 
type  of  table  accounted  for  630  out  of  13,  518  pages  surveyed. 


Al-F  18 AE-7 60-200  034  00 

Paft  13 


T*b1a  0.  High  Band  Tsit  Hookup  For  Insertion  Loss 


Hooh  up 

Frequency 

flange 

CD 

USM-482  Detector  to 
Antenna  Circuit 
(Input) 

USM-4S2 

RF  Cable/ Adapter*  to 

Antenna  Circuit  (Output) 

Mixlr 
Insert  Jo 
(Irt 

niun 
n  loss 

JB) 

NO- 

Ref  Dtf 

Type 

Connector 

Ref  Dee 

Typ* 

Connector 

f/A-iec 

r/A^BO 

l 

F4 

Forward 
Waveguide 
Segment  9 

WRD750 

Forward 
Waregulde 
Segm  em  9 

WBD750 

0.45 

0.45 

Z 

¥A 

Forward 

Waveguide 

Segment 

9A 

WRD750 

Forward 

Waveguide 

Segment 

9A 

WRO750 

0-35 

0.35 

3 

Fa 

S4P-E0Q1S 

TNC  male 

64P-F031B 

TNC  male 

Zsi 

WEM 1 

A 

F4 

84P-F031A 

TNC  male 

64F-E0C1E 

TNC  male 

2.4 

to 

5 

JA 

Forward 

Waveguide 

Segment 

9A 

WRD730 

Forward 

Waveguide 

Segment 

0A 

WRJT750 

0.10 

0.10 

$ 

Fa 

Adapter 

TNC  male 

Forward 
High  fiend 
Hybrid 

WRD750 

4.40 

4.40 

LEGEND 


I  I  k  Sweep  frequencies  ere  listed  In  Countennsasuf C»  Sst  Swept  Frequencies,  teblf  l 
IA1-F18AE'160-Sl0/(S),  WT0030Q). _ _ 


Table  9.  Antenna  Return  Loss  Test  Hookup 


Hookup 

No. 

USM  4B2  Bridge  to  Antenna 

Frequency 

Range 

LD 

Minimum 

Return 

Lori 

(m  d&) 

Antenna 

Type 

Connector 

■ 

$aC-AS40  -  Forward  Upper  Left  High  Bond  Tfuumit 
Aatenta 

TNC  female 

F5 

10.2 

B 

64E.B541  -  Forward  Upper  Rifht  High  Bend  Trenrmit 
Antenna 

TNC  female 

F5 

10.2 

$4E*$014  -  Aft  High  Band  Transmit  Antenna 

TNC  female 

F5 

10,2 

B 

64E-B017  n  Forward  Lower  High  Band  Transmit 
Antenna 

TNC  female 

F5 

10.2 

Figure  A15.0-1  Example  of  General  Table 
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Table  9-  Antenna  Return  Loss  Test  Hookup  (Continued) 


Hookup 

NO. 

USM  482  Bridge  10  Ant«n»a 

Frequency 

Range 

1=33 

Minimum 

Return 

low 
(In  dB) 

Antenna 

Typo 

Connector 

r~r~> 

legend 

fnqu.ncie*  are  toted  in  CounUrmeasure*  Set  Swept  Ftcquenritt,  Wble  1 
tA  1  -F19AE-7«0.210/(S),  WPOOJ  001  - - - 

Table  10.  High  Band  Test  Hookup  For  Fault  Isolation 


Hookup 

No. 

Oh  lance  to  Fault 

Sweep  (UDT) 

e 

i 

i 

1 

Frequency 

Rang* 

□3 

From 

C^nneotof  (type) 

To 

Connector  (type) 

length 
(In  Feet) 

1 

F4 

G*W-B5?3  Adopter 

(WRD750) 

64P  fiOOft 

(TNC  male) 

H  104  2  1 

33-TSd  31 

a 

P4 

Aft  Ware  guide 
Segment  1 
(WRD750) 

Aft  Wiveguldc 
ScgniO*i  11 
(WRO7B0) 

39-934  it  1 
9a.90f— n 

3890  CXI 

a 

F4 

64W-B575  Adtptor 
(WRD750) 

84P-E001R 

4TNC  mile) 

20.19 

LEGEND 


rl-S  Sweec  fr equeneits  V*  Hsud  »  Counwmeoeurw  Set  Swept  fttqueBcfci,  uble  1 
(Al.Pl8AE-T60-210/(S).  VP003  00). 
ft  ►  F/A-lSC  163*27  THRU  184278. 

1  3~P  K/A-16C  164627  AND  UP- 

r~>  F/A-18D  16343*  THRU  16*370. 

f~T~>  P/A-tSD  164649  AND  UP. _ _ 


Table  11.  Antenna  Circuit  Coax  Cables 


WRA  or 
Cable  no. 

lapin  I*- 
Connoetor  1  """1 

Connt 

■Ctor  2 

ESI 

E3 

Ref  Do* 

typo  | 

M  Dw 

Typ® 

T6234ACTJ 

64P-S001H 

TNG  male 

S4P-FC3tA 

TNC  male 

6,W 

S3 

K9 

TE234ACXI 

64P-E001R 

TNC  m*l* 

64P-F00IA 

TNC  male  ' 

&.71 

1 

TE235AC3D 

54P-E001S 

TNC  male 

64P-P031A 

TNC  male 

6.17 

QJ 

2.1 

TftgttUd  D 

64P-E001S 

TOC  male 

G4P-F031A 

TNC  iwlIb 

CO 

1^3 

ni 

Figure  A15.0-1  Example  of  General  Table  (continued) 
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Table  11.  Antenna  Circuit  Coax  Cables  (Continued) 


■MM 

laoio  iia 

Connector  1 

Conn* 

fcter2 

Length 
{In  ft) 

IL 

m 

Fraq 

Rang. 

Rtf  DM 

Type 

Ref  Dm 

Type 

[_i_> 

64PB002 

TNC  mftU 

S4P-B074A 

TNC  mala 

123 

03 

1.3 

Fi 

TE301A 

64P-B074A 

TNG  male 

fi4P-B06lA 

TNC  molt 

1.13 

1.1 

V4 

TE3G2A 

64P-BO03 

WCnmlc 

64F-B017 

TNC  male 

3.1 

m 

1.5 

L=- 

LEGEND 


r~T~V  Swtep  frtqu.ndM  «rt  luted  in  CwnMrmeasurrt  Set  Swept  Frequent,  »M*  1 

U-^  (Al-F18AE-76I)-210/(S).  WPOW  OO). 

I  i  L  P/K-XtC. 

r~r~v  FM-isD. _ _ _ — _ 


Table  12.  Antenna  Circuit  Waveguide  Segments 


n 

lavie 

Frlq 

Ranee 

CD 

Insertion 

Lois 

<dB) 

Replacement  flP 
(Al-FlOAt’700-300) 
Accesi/Oaor 

m 

Forward  W*v**yld*  Sagrronlt 

1 

F5 

7B0 

0.35 

1-01 

WRD-750 

WPO70  00/Door  13H, 

2 

F5 

7B0 

0.25 

l.u 

WRD-750 

WP078  OO/DOOr  13R 

3 

FS 

760 

0.57 

%M 

WRD-750 

WP079  00/DoOr  10R 

4 

F5 

750 

0.45 

2.99 

WRD-7S0 

WPOT9  00/Dooc  lOR 

5 

T5 

750 

0,40 

2.6 

WRD-750 

WF080  00/Door  10R 

6 

pe 

760 

0.30 

5.21 

WKD.750 

WP980  00/Noss  barrel 

7 

750 

0.25 

tea 

WRD-760 

WFD8D  00/HbW  barrel 

8 

FS 

760 

0.32 

1.72 

WKD-760 

WF091  00/Noe*  barrel 

$A 

F$ 

7$0 

■SB 

0.27 

WRD-750 

WP081  OQ/Nq*  barrel 

9 

FS 

750 

II 

2.46 

WRD-750 

WF0B2  (WNmc  barrel 

9A 

FB 

750 

0,35 

0.78 

WRD-750 

WP092DO/No69  barrel 

Af 

Wav*fM<do 

Segment* 

i  C-2D 

1  « 

760 

0.29 

0.01 

WRD-750 

1  <zo 

IBB 

mm 

mm 

IBS 

WRD-750 

Figure  A15.0-1  Example  of  General  Table  (continued) 
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Table  12.  Antenna  Circuit  Waveguide  Segments  (Continued) 


Saemtrtl 

Number 

Freq 

Range 

CO 

cut  on 

Fr»q 

(MHz) 

Infection 

u» 

(DB) 

length 
(in  to 

Flange 

Type 

Replacement  WP 
CA1-F16AE-760-300) 
Aeeeif/Ooor 

«  CD 

F6 

75# 

0.31 

2.98 

WRD.750 

07L00 

t  i  3D 

F5 

750 

045 

2.7G 

WRD-75Q 

072  00 

3 

ft 

73# 

0.9$ 

1.02 

WR0-75O 

071  00 

3  CXI 

F5 

750 

0.46 

2.43 

WHD-730 

073  00 

♦  CD 

F5 

TOO 

0.56 

1.41 

WRD-750 

0T4  00 

♦  4  n 

F6 

760 

0.30 

1.80 

WRD-750 

073  00 

aa  CX1 

PS 

750 

0.9 

3.82 

WRD.750 

074  00 

5  GjO 

f6 

750 

0.35 

917 

WRD-750 

075  00 

5  O 

ft 

730 

0.35 

D.33 

WRD-750 

075  00 

6 

F5 

750 

0.25 

5.67 

WRD-7&0 

075  00 

ICS 

FS 

750 

0.45 

2.75 

WRD-750 

076  00 

7AC2D 

F5 

7G0 

0.57 

0.55 

WRD-750 

07$  00 

7BCZO 

F5 

700 

0-2 

1.71 

WRD.750 

076  00 

sci~n 

ft 

750 

O.M 

as# 

WftD-750 

076  00 

BdD 

ft 

7D0 

0.75 

0.05 

WRD-750 

078  00 

9 

Fo 

760 

a4 

U 

WRD-750 

076  00 

10 

F5 

760 

0.82 

7.45 

WRD-750 

077  00 

Lt 

FG 

760 

0J4 

1.89 

WRD-750 

077  00 

I  i  I  1! 

(AI-F18 

r~g~>  f.'a-isc 
m  F/A-lBt 

163427' 
1  5  5  164617 . 

re<Jvi#nciec  ar 

AE-7€0-2lC/< 

>. 

VmV  16427 
AND  UR 

LEGEND 

«  lifted  in  CountMmeasurci  Set  Stfept  FVcOuCflCiw,,  table  1 

S),  WP003  00). 

9. 

Figure  A15.0-1  Example  Of  General  Table  (continued) 
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A  16.0  POWER  DISTRIBUTION  DIAGRAM 

(Originally  a  single  page  fold-out) 

The  following  is  an  example  of  a  power  distribution  diagram  as  found  in  troubleshooting 
information.  This  type  of  diagram  accounted  for  13  out  of  13, 518  pages  surveyed. 
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Figure  Altf.0-1  Example  of  Power  Distribution  Diagram 
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Figure  A16.0-1  Example  of  Power  DistrlPutlon  Diagram  (continued) 
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Figure  A16.0-1  Example  of  Power  Distribution  Diagram  (continued) 
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Figure  12.  Search  Stores  Control  Group  OK-185(  )/A$Q-147  Power  Distribution  Diagram  (Sheet  4) 


Figure  A16.0-1  Example  of  Power  Distribution  Diagram  (continued) 
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A17.0  FUNCTION  BLOCK  DIAGRAM 

The  following  is  an  example  of  a  function  block  diagram  as  found  in  troubleshooting 
information.  This  type  of  diagram  accounted  for  936  out  of  13,  518  pages  surveyed. 


Figure  A17.0-I  Example  of  Function  Block  Diagram 
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A18.0  FAULT  ISOLATION  DIAGRAM 

The  following  is  an  example  of  a  fault  isolation  diagram  as  found  in  troubleshooting 
information.  This  type  of  diagram  accounted  for  1  out  of  13, 518  pages  surveyed. 
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Figure  11.  Quick-look  Fault  Isolation  Diagram  (Sheet  1  of  3) 


Figure  A18.0-1  Example  of  Fault  Isolation  Diagram 
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Figure  A18.0-1  Example  of  Fault  Isolation  Diagram  (continued) 
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•  THE  X'S  IN  THE  MATRIX  INDICATE  THE  LAUNCH  RND  RETURN  SIGNALS 
(AND  THEIR  ASSOCIATED  S0N0B0UY  SAFETY  SWITCH^ SEGMENTS)  WHICH 
AFFECT  SPECIFIC  SLC'S. 

#  FAULT  ISOLATION  EXAMPLES* 

1.  A  FAILURE  OF  SLC'S  D2.  E2.  F2,  62.  H2.  N2.  AND  02  INDICATES 
A  FAILURE  OF  LAUNCH  SIGNAL/SAFETY  SWITCH  SEGMENT  4. 

2.  A  FAILURE  OF  ALL  THE  SLC'S  IN  THE  H  ROW  (HI  THROUGH  H8) 
INDICATES  A  FAILURE  IN  RETURN  SIGNAL/SAFETY  SWITCH  SEGMENT  14. 

3.  FAILURES  THAT  DO  NOT  FALL  INTO  ANY  OF  THE  PATTERNS  OF  X’S  IN 
THE  MATRIX  INDICATE  INDIVIDUAL  SLC  OR  ADJACENT  WIRING  FAILURES. 
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Figure  11.  Quick-look  Fault  Isolation  Diagram  (Sheet  3) 

Figure  A18.0-1  Example  of  Fault  Isolation  Diagram  (continued) 
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A19.0  SCHEMATIC 

(ORIGINALLY  A  SINGLE  PAGE  FOLD-OUT) 

The  following  is  an  example  of  a  schematic  diagram  as  found  in  troubleshooting  information. 
This  type  of  diagram  accounted  for  326  out  of  13,  518  pages  surveyed. 
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Figure  A19.0-1  Example  of  Schematic 
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Figure  14  TACCO  Switch  light  Dimmer  Troubleshooting  Schematic 


Figure  A19.0-1  Example  of  Schematic  (continued) 
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A20.0  NOMENCLATURE 


The  following  is  an  example  of  a  page  of  nomenclature  as  found  in  troubleshooting  information. 
This  type  of  page  accounted  for  342  out  of  13, 518  pages  surveyed. 
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Nomenclature 

Index 

No. 

Ref 

Des 

ALQ-165  EQUIPMENT  RACK 

14 

64A-E028 

COMMAND  LAUNCH  COMPUTER 

19 

61A-P010 

L  2  ►COMPUTER  POWER  SUPPLY 

9 

60A-A605 

CONTROL-CONVERTER 

17 

82A-F001 

DIGITAL  DATA  COMPUTER  NO.  1 

16 

83A-E001 

ELECTRONIC  EQUIPMENT  CONTROL 

4 

79A-J006 

GND  PWR  CONTROL  PANEL  ASSEMBLY 

5 

1A-H004 

HEAD-UP  DISPLAY 

2 

79A-J001 

INTERFERENCE  BLANKER 

20 

66A-F001 

LEFT  DIGITAL  DISPLAY  INDICATOR 

1 

80A-H001 

NOSE  WHEELWELL  DIGITAL  DISPLAY  INDICATOR 

8 

83A-G003 

NO.  2  CIRCUIT  BREAKER  PANEL  ASSEMBLY 

22 

62A-D024 

NO.  2  RELAY  PANEL  ASSEMBLY 

21 

52A-F058 

NO.  4  CIRCUIT  BREAKER  PANEL  ASSEMBLY 

23 

62A-D026 

NO.  7  CIRCUIT  BREAKER/RELAY  PANEL  ASSEMBLY 

25 

52A-C057 

NO.  8  CIRCUIT  BREAKER/RELAY  PANEL  ASSEMBLY 

24 

52A-C159 

[  3  ►RADAR  DATA  PROCESSOR 

11 

60A-A503 

RADAR  RECEIVER-TRANSMITTER 

12. 

72A-A002 

L.2  ►  RADAR  TARGET  DATA  PROCESSOR 

10 

60A-A503 

REAR  ELECTRONIC  EQUIPMENT  CONTROL 

6 

76A-L028 

ELECTRONIC  ALTIMETER  RECEIVER-TRANSMITTER 

7 

67A-T001 

RECEIVER  TRANSMITTER  (ALQ-126B) 

13 

64A-E001 

Figure  1.  Interference  Blanker  System  Locator  (Sheet  6) 


Figure  A20.0-1  Example  of  Nomenclature 
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A21.0  SETUP 

The  following  is  an  example  of  a  setup  procedure  as  found  in  troubleshooting  information.  This 
type  of  page  accounted  for  596  out  of  13,  518  pages  surveyed. 
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Nomenclature 

Index 

No. 

Ref 

De* 

IFF  RECEIVER-TRANSMITTER 

15 

78A-E001 

TACAN  RECEIVER-TRANSMITTER 

18 

69A-F001 

RIGHT  DIGITAL  DISPLAY  INDICATOR 

3 

80A-J002  ' 

LEGEND 


L  AIRCRAFT  CONNECTOR  LOCATIONS  ARE  SHOWN  IN  A1-F18A(  )-WDM-000. 
I  2  ►  163427  THRU  164279;  ALSO  164627  THRU  164697  BEFORE  F/A-18  AFC  211 
1—3  »  164898  AND  UP;  ALSO  164627  THRU  164897  AFTER  F/A-18  AFC  211. 


Figure  1.  Interference  Blanker  System  Locator  (Sheet  7) 


Figure  A21.0-1  Example  of  Setup 
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-  high  band  transmit/receive  (WP027  00) 

|  5.  Countermeasures  set  (ALQ-166)  antenna  system 
testing,  insertion  loss  and  return  loss,  is  divided  as 
listed  below: 

-  low/high  band  receive  (WP028  00) 

-  low  band  transmit  (WP029  00) 

-  high  band  transmit  (WP027  00) 


6.  When  doing  countermeasures  set  antenna  system 
return  loss  and  insertion  loss  checks  requested  by 
scheduled  maintenance,  WP025  00,  WP026  00  and 
WP027  00  or  WP028  00  and  WP029  00  and  must 
be  accomplished.  When  doing  insertion  loss,  return 
loss  checks  as  a  result  of  unscheduled  maintenance, 
do  only  the  applicable  work  package. 

7.  Unique  countermeasures  warning  and  control 
system  return  loss  and  insertion  loss  checks  are  in 
WP051  00. 


Table  1.  Initial  Setup 


Support  Equipment  Required 


Part  Number  or 

Type  Designation  Nomenclature 


AN/USM-402A(V)1 


Swept  Frequency 

Measurement  Test  Set 


Materials  Required 

None 


1.  Procedure. 

a.  Setup  the  Swept  Frequency  Measurement  Test  Set  AN/USM-402(V)1  (USM-402)  by  doing  substeps 
below: 

(1)  Position  USM-402  next  to  aircraft  to  allow  best  access  to  items  to  be  tested. 


NOTE 

Do  not  ground  USM-402  to  aircraft. 

(2)  Connect  USM-402  ground  cable  between  unpainted  surface  of  USM-402  and  good  ground  source. 

(3)  Attach  Radio  Frequency  Recorder  RO-469-(P)/USM-402(V)  (recorder)  to  top  of  USM-402  using 
attaching  straps. 

(4)  Obtain  hookup  cable  W3.  Connect  W3P2  to  1J2  of  USM-402  and  W3P1  to  2J1  of  recorder. 

(5)  On  control  panel,  make  sure  POWER  switch  is  set  to  OFF. 


NOTE 

USM-402  operates  on  105  to  I25vac,  50  to  400  Hz  power. 

Do  not  use  aircraft  400  Hz  utility  power  as  power  source  for  USM-402. 


Figure  A21.0-1  Example  of  Setup  (continued) 
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Table  1.  Initial  Setup  (Continued) 


(6)  Connect  USM-402  power  cable  W1  between  1J1  and  105  to  125vac,  50  to  60  Hz  power  source.  If 
105  to  125vac,  400  Hz  power  source  is  more  accessible,  use  adapter  W2  (part  of  test  set)  to  connect 
power  cable  Wl  to  400  Hz  power  source. 

(7)  On  control  panel,  set  POWER  switch  to  ON. 

(8)  On  oscilloscope,  set  LINE  switch  to  ON. 

(9)  On  sweep  oscillator,  press  POWER  pushbutton. 


CAUTION 


To  prevent  possible  detector  damage,  touch  a  ground  point  before  handling 
detectors  to  avoid  static  discharge  from  the  hands  through  the  detector. 

Do  not  connect  detectors  directly  to  the  high  frequency  output  of  the  sweep 
oecillator  unless  internal  leveling  (LEVELING  INT)  is  selected  on  the 
oscillator  unit.  The  high  frequency  RF  output  may  be  strong  enough  to 
damage  the  detectors  in  the  unleveled  mode. 

b.  Connect  USM  402  directional  couplers,  and  detectors  to  swept  amplitude  analyzer  and  oscillator  using 
USM-402  rf  cables.  Use  the  applicable  rf  cables  necessary  to  reach  unit  under  test.  Refer  to  fig  l. 

c.  On  the  sweep  oscillator,  set  the  below  controls: 


NOTE 

Off  is  with  black  ring  visible. 

0.01 

Midrange 
On  (pressed) 

Full  CCW  and  pushed 
Off 
Off 
Off 

OFF  (full  CCW) 

Select  full  band  by  pressing  center  of  control  marked  FULL 
BAND. 

Not  used 
Not  used 
Not  used 
Not  used 


SWEEP  TIME  (SEC) 
VARIABLE 
TRIGGER  INT 
MANUAL  SWEEP 
RF  MARKER 
RF  AM 

RF  BLANKING 
MARKER  AMPL 
Sweep  Mode 

Ml 

AF 

F0  FINE 
M2 


<L  On  the  oscillator  unit,  set  the  below  controls: 


LEVELING 
PM  (RF  OFF) 


INT 

On  (pressed) 


Figure  A21.0-1  Example  of  Setup  (continued) 
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Table  1.  Initial  Setup  (Continued) 


NOTE 

Countermeasures  set  antenna  system  sweep  frequencies  are  listed  in 
Line/ Antenna  Return  Loss  and  Insertion  Loss,  tabic  1 
(Al-F18AE-760-210/(S),  WP003  00). 

Countermeasures  warning  and  control  system  sweep  frequencies  are  listed  in 
Line/Antenna  Return  Loss  and  Insertion  Loss,  tabic  2 
(Al-F18AE-760-210/(S),  WP003  00). 

e.  On  the  controller,  set  the  below  controls: 


NOTE 

Select  the  narrowest  spectrum  that  includes  selected  range  and  sweep 
frequencies. 

FREQ  RANGE  GHz  Select  range  and  frequency  scale  of  interest. 

LEVEL  CONTROL  Maximum  leveled  power  (turn  LEVEL  CONTROL  maximum 

CW  until  UNLEVELED  WHEN  LIT  lamp  comes  on,  then 
CCW  until  lamp  goes  out). 


f.  On  the  swept  amplitude  analyzer,  set 

the  below  controls: 

SMOOTHING 

Off  (out) 

CHANNEL  A 

DISPLAY  POSITION 

Press 

OFFSET  dB 

+00.0 

OFFSET  CAL 

ON 

dB/DIV 

10 

NOTE 

CHANNEL  B  DISPLAY  is  turned  off  by  slightly  pressing  one  of  the 

CHANNEL  B  DISPLAY  pushbuttons  already  in  the  out  (off)  position.  This 

action  releases  all  pushbuttons  from  their  detent  position. 

CHANNEL  B 

DISPLAY 

Off 

OFFSET  db 

+00.0 

OFFSET  CAL 

ON 

dB/DIV 

10 

g.  On  the  oscilloscope,  set  the  below  controls: 


Figure  A21.0-1  Example  of  Setup  (continued) 
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Table  1.  Initial  Setup  (Continued) 


DISPLAY 

INTENSITY 

FOCUS 

SCALE 

AC/DC 

MAGNIFIER 

HORIZONTAL  POSITION 
DISPLAY 


EXT  SENS 

Adjust  for  visible  trace. 

Adjust  for  sharp  trace  (use  FIND  BEAM  and  HORIZON¬ 
TAL  POSITION  as  necessary). 

Set  so  that  grid  lines  (CRT  graticules)  are  visible. 

DC 

X5 

Position  left  edge  of  trace  on  left  vertical  graticule. 

Adjust  external  sensitivity  so  that  trace  fills  full  width  of 
horizontal  scale. 


h.  On  swept  amplitude  analyzer,  use  CHANNEL  A  DISPLAY  POSITION  screwdriver  adjustment  to  set 
channel  A  sweep  position  at  the  second  horizontal  graticule  from  the  top  of  the  oscilloscope.  (Another 
graticule  may  be  selected  at  the  option  of  the  operator.)  This  is  the  position  graticule. 


NOTE 

Channel  A  display  is  turned  off  by  slightly  pressing  one  of  the  CHANNEL  A 
DISPIAY  pushbuttons.  This  releases  all  pushbuttons  from  their  detent 
position. 

i.  On  the  swept  amplitude  analyzer,  turn  off  channel  A  display  and  press  CHANNEL  B  DISPLAY  POSI¬ 
TION  pushbutton. 


NOTE 

Adjustment  of  oscilloscope  controls  is  not  necessary  to  obtain  a  channel  B 
trace.  If  adjustment  becomes  necessary,  this  is  an  indication  of  a  malfunction 
in  the  swept  amplitude  analyzer. 

j.  On  swept  amplitude  analyzer,  use  screwdriver  adjustment  to  set  channel  B  sweep  position  to  the  same 
horizontal  graticule  used  in  step  h. 


_ Table  2.  Insertion  Lots  Setup _ 

Support  Equipment  Required 

Part  Number  or 

Type  Designation  Nomenclature 

AN/USM-402A(V)1  Swept  Frequency 

Measurement  Test  Set 

Materials  Required 
None 

1.  Procedure. 

a.  Use  fig  1  to  select  USM-402  components  for  insertion  loss  setup. 


Figure  A21.0-1  Example  of  Setup  (continued) 
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APPENDIX  B:  SURVEY  CATEGORIES 


B1.0  OCR  TEST  IMAGES  (SECOND  EVALUATION  STAGE) 

The  following  images  were  used  in  the  second  OCR  evaluation.  (See  Table  4.2.4- 1.)  These 
images  have  been  made  available  for  viewing  in  case  someone  wanted  to  see  why  a  particular 
OCR  engine  performed  the  way  it  did  on  a  certain  image  in  the  evaluation. 
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LABJ 

•  Open  and  tag  L  PR  1  CONT  LGC 
ASSY  circuit  breaker  and  recon¬ 
nect  P768  plug  connector. 

•  Disconnect  P444  plug  connector 
on  left  CLA  and  remove  tag  and 
close  L  PRI  CONT  LGC  ASSY 
circuit  breaker. 

•  On  a  fully  retracted  MAD  boom, 
check  for  28  Vdc  at  pin  32  to 
ground  and  pin  33  to  ground  on 
receptacle  J3  while  holding  both 
ground  actuation  switches  to 
EXTEND. 

•  On  a  fully  extended  MAD 
boom,  check  for  28  Vdc  at  pin 

33  to  ground  on  receptacle  J3 
while  holding  both  ground  actu¬ 
ation  switches  to  RETRACT. 

-YES—* 

Troubleshoot  aircraft  wiring 
(NAVAIR  01-S3AAA-2  5.1  SWP 
003  08). 

k 

28  Vdc> 

NO 

_ i _ 

Remove  ground  actuation  switch 

SI  to  expose  terminals  and  check 
for  28  Vdc  at  switch  terminal  2  to 
ground. 

— YES— ► 

•  Install  ground  actuation  switch 

SI  and  remove  switch  S2 
(NAVAIR  01  S3AAA-2-4.2  SWP 
018  05). 

28  Vdc? 

•  Check  for  28  Vdc  on  S2  ground 
actuation  switch  pin  5  while 
holding  SI  ground  actuation 
switch  to  EXTEND,  or  on  pin  2 
while  holding  SI  ground  actua 

NO 

_ i _ 

- YES 

* 

Troubleshoot  aircraft  wiring 
(NAVAIR  01-S3AAA  2-5.1  SWP 
003  08). 

tion  switch  to  R  ETRACT. 

[AC] 

Power  present  at  S2  pin  5  and  pin 

2? 

L 

i 

NO 

1 

8 

Replace  faulty  ground  actuation 
switch  SI  (NAVAIR  01  -S3AAA 
2-4.2  SWP  018  05). 

S3A2-3.2(3)  7002(21 

Figure  2.  MAD  Boom  System  Troubleshooting  Diagram  (Sheet  2) 

Figure  Bl.0-1  NAVAIR  01-S3AAA-2-3.2  10-OOplO 
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Verify  that  indicator 
lamp  is  functional 
using  press-to  test. 

Is  lamp  functional? 


Verify  that  SP24 
proximity  switch  is 
operational  (NAV¬ 
AIR  01-S3AAA- 
2-3.11,  WP  008  00). 

Operational? 


Troubleshoot  left 
CLA  (NAVAIR  01- 
S3AAA-2-3.il  WP 
008  00). 


Replace  indicator 
lamp  (NAVAIR  01- 
S3AAA  2-4.11  WP 
007  00). 


Adjust  or  replace 
SP24  proximity 
switch  (NAVAIR  01- 
S3AAA- 2-4.2  SWP 
01805). 


MAD  BOOM  indica 
tor  light  will  not 
come  on. 


Verify  that  indicator 
lamp  is  functional 
using  press-to-test. 

Functional? 


Verify  that  SP23and 
SP25  proximity 
switches  are  opera 
tional  (NAVAIR  01 
S3AAA-2-3.1 1  WP 
008  00). 

Operational? 


Troubleshoot  aircraft 
wiring  (NAVAI R  01 
S3AAA-2-5. 1,  SWP 
003  08). 


Replace  indicator 
lamp  (NAVAIR  01- 
S3AAA  2  4.11  WP 
007  00). 


Replace  SP23  and/or 
SP25  proximity 
switch  (NAVAIR  01 
S3AAA  2  4.2  SWP 
018  05). 


S3A2-3. 2(3)  1002(5) 


Figure  2.  MAD  Boom  System  Troubleshooting  Diagram  (Sheet  5) 
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Alphabetical  Index 


Page 


Subject  N0> 

Introduction .  2 

Testing  and  Troubleshooting .  5 

Functional  Checkout .  5 

Pretest  Setup .  5 

Shutdown .  8 


Type/ 

Record  of  Applicable  Technical  Directives 

Date 

Number 

Date 

Title  and  ECP  No. 

Inccro. 

Remarks 

AFC- 168 

INSTRUMENT  SYSTEMS:  Relocation 
of  Cockpit  CautionAVarning  Lights 
(ECP  S3-352) 

10-01-83 

ECP 

Coverage 

Only 

AFC-172 

01-23-80 

NONACOUSTIC  SENSORS: 

Improvement  of  MAD  Boom  Electrical 

Cable  Retractor  Installation.  (RAMEC 

P-007-79) 

01-01-92 

AFC -186 

04-22-81 

ELECTRICAL  SYSTEMS:  Color 

Coding  of  Selective  Circuit  Breakers 
for  Increased  WRA  MTBF 

04-01-83 

— 

(RAMECP-14-S0) 


1.  INTRODUCTION. 

2.  Testing  and  troubleshooting  of  the  MAD  boom 
system  consists  of  pretest  setup,  functional 
checkout  and  shutdown  procedures.  Bracketed 
upper-case  letters  in  the  functional  checkout 
procedures  key  malfunction  symptoms  to  associated 
logic-tree  troubleshooting  diagrams.  Logic-tree 
troubleshooting  diagrams  assume  that  only  one 
malfunction  exists  at  a  time.  After  correcting  a 


malfunction  or  replacing  a  Weapon  Replaceable 
Assembly  (WRA),  the  functional  checkout  pro¬ 
cedure  must  be  repeated.  Additional  trouble¬ 
shooting  data  is  presented  in  the  form  of  an 
electrical  schematic  (figure  3)  and  power  dis¬ 
tribution  diagrams  (NAVAIR  01-S3AAA-2-3.il 
SWP  003  01  and  WP  005  00). 

3.  Each  WRA  of  the  MAD  boom  system  needed 
for  testing  and  troubleshooting  is  listed  in  table 
1  and  are  shown  in  figure  1. 


TABLE  X.  WEAPON  REPLACEABLE  ASSEMBLIES 


Nomenclature 

Location 

Common  Name 

Qty 

MAD  Boom  System 

MAD  Boom  Assembly 

ECS  compartment 

MAD  Boom 

1 

MAD  Boom  Rotary  Actuator 
Assembly 

ECS  compartment 

Actuator 

1 

MAD  Boom  Rotary  Actuator 
Motor 

ECS  compartment 

Motor 

1 

Figure  Bl.0-4  NAVAIR  01-S3AAA-2-3.2  10-00p2 
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-  TABLE  1.  WEAPON  REPLACEABLE  ASSEMBLIES  fCONTI 

Nomenclature 

Location 

Common  Name 

Qty 

Cable  Drum 

ECS  compartment 

Drum 

1 

MAD  Boom  Actuator  Cable 
Assembly 

ECS  compartment 

Actuator  cable 

1 

MAD  Boom  Phenolic 
Clamping  Block 

ECS  Compartment 

Clamping  block 

1  1 

MAD  Boom  Pulley  Tripod 
Assembly 

ECS  compartment 

Tripod 

1 

MAD  Boom  Roller  Support 
Assembly 

ECS  compartment 

Roller  support 

2 

Rollers 

ECS  compartment 

Rollers 

6 

Emergency  Inertia  Brake 

Aft  fuselage 

Emergency  inertia  brake 

1 

MAD  Boom  Extended 
Proximity  Switch  Assembly 

Aft  fuselage 

Extended  proximity  switch 
(SP23) 

1 

MAD  Boom  Retracted 
Proximity  Switch  Assembly 

Aft  fuselage 

Retracted  proximity  switch 
(SP24) 

1 

MAD  Boom  Not-Retracted 
Proximity  Switch  Assembly 

Aft  fuselage 

Not-retracted  proximity 
switch  (SP25) 

1 

Ground  Actuation  Switch 
Assembly 

Right  aft  external 
avionics  bay  and 

ECS  compartment 

Ground  actuation  switch 

2 

MAD  Boom  Electrical  Cable 
Retractor 

ECS  compartment 

Cable  retractor 

1 

MAD  Boom  Control  Panel 

Copilot's  side 
console 

MAD  BOOM  CONTROL  panel 

1 

Associated  Equipment 

Light  Control  Panel 

Copilot's  side 
console 

LIGHT  CONTROL  panel 

t 

Left  Control  Logic  Assembly 

Left  electrical  load 
center 

Left  CLA 

1 

Figure  Bl.0-5  NAY  AIR  01-S3AAA-2-3.2  10-00p3 
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RIGHT 


LIGHT  CONTROL  PANEL 


Figure  1.  MAD  Boom  System  Controls  and  Components  Location  Diagram 


Figure  Bl.0-6  NAVAIR  01 -S3 AAA-2-3.2  10-00p4 
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4.  Figure  2  contains  probable  malfunctions  in 
logic-tree  diagram  format.  Figure  3  is  an  electrical 
schematic  of  the  system.  Wiring  data  for  the 
MAD  boom  system  is  provided  in  NAVAIR 
0 1-S3AAA-2-5. 1  SWP  003  08. 

5.  TESTING  AND  TROUBLESHOOTING. 


Support  Equipment 


Part  number 

Nomenclature 

AN/USM-3 1 1 

Multimeter 

.  BD4  1-101 

Kit  Test  Set 

BD0 1-105 

Logic  Test  Set 

NC-2A 

Mobile  Electric 
Powerplant  (Carrier) 

NC-8A 

Mobile  Electric 
Powerplant  (Land) 

NR-5C 

Air  Conditioner 
(Carrier) 

NR-10 

Air  Conditioner 
(Land) 

6.  PRETEST  SETUP. 

WARNING 


Before  turning  on  electrical  power,  ensure 
that  all  electrical  access  panels  are  closed 
and  personnel  have  been  alerted  that 
electrical  power  will  be  turned  on. 


When  electrical  power  is  to  be  applied, 
the  need  to  turn  on  air  conditioning 
depends  upon  ambient  temperature  criterion 
stated  in  NAVAIR  01 -S3AAA-2-1  SWP  007 
12. 

NOTE 

To  extend  life  of  equipment,  open  all 
color  coded  circuit  breakers,  other  than 
those  required  for  specific  maintenance 
procedures,  before  applying  electrical 
power. 
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a.  Connect  and  turn  on  NC-2A  or  NC-8A  Mobile 
Electric  Powerplant  (NAVAIR  01 -S3AAA-2-1  SWP 
007  10),  as  applicable,  and  NR-5C  or  NR-10  Air 
Conditioner  (NAVAIR  01-S3AAA-2-1  SWP  007 
12),  as  applicable. 

b.  Ensure  that  circuit  breakers  listed  in  table 
2  are  closed. 

c.  Refer  to  table  3  for  control  relay  and 
proximity  switch  designation  and  function,  table 
4  for  left  CLA  Input/output  signals,  and  table  5 
for  control  logic  equations. 

7.  FUNCTIONAL  CHECKOUT. 

a.  Set  CONSOLE  switch  on  LIGHT  CONTROL 
panel  on  Copilot's  side  console  to  BRT  (figure  1). 
MAD  BOOM  CONTROL  panel  edge-lighted  panel 
light  must  come  on.  If  edge-lighting  does  not 
come  on,  replace  lamps  or  troubleshoot  aircraft 
wiring  (NAVAIR  0 1 -S3 AAA-2-5. 1  WP  003  08). 

b.  Open  and  tag  L  PRI  CONT  LGC  ASSY 
circuit  breaker  on  left  hinged  circuit  breaker 
panel. 

c.  Open  left  electrical  load  center,  and  remove 
P464  plug  connector  from  left  CLA  (figure  1). 


TABLE  2.  CIRCUIT  BREAKERS 


Circuit  Breaker 

Circuit 

Breaker  Panel 

CONSOLE  LT  DIMMER 
COPILOT  0B 

Right  hinged 

ADVISORY  LIGHT  PANEL 

Right  fixed 

MAD  BOOM  ACTR 

Left  fixed 

CAUTION  LIGHT  PANEL 

Right  fixed 

MASTER  CAUTION  LIGHT 

Right  fixed 

d.  Remove  tag  and  close  L  PRI  CONT  LGC 
ASSY  circuit  breaker. 

e.  Set  MAD  boom  switch  on  MAD  BOOM 
CONTROL  panel  to  EXTEND  (figure  1). 
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switch  located  on  forward  left  side  of  ECS 
compartment. 

l.  Open  right  aft  avionics  compartment  access 
door,  and  station  one  man  at  aft  avionics 
compartment;  have  him  stand  by  MAD  boom 
ground  actuation  switch  located  on  forward 
bulkhead.  This  man  must  signal  for  MAD  boom 
extension,  since  his  view  of  MAD  boom  and  area 
behind  aircraft  is  unobstructed. 

m.  Operate  both  MAD  boom  ground  actuation 
switches  to  EXTEND.  Following  results  must  be 
obtained: 

(1)  MAD  boom  extends. 
_  Figure  2  [A]  [B] 

(2)  CAUTION  indicator  lights  flash.  In  air¬ 
craft  modified  by  ECP  S3-352,  CAUTION  indica¬ 
tor  lights  are  located  under  Pilot's  and  Copilot's 
glareshield.  In  aircraft  not  modified  by  ECP  S3 
352,  CAUTION  indicator  lights  are  located  on 
Pilot's  and  Copilot's  instrument  panels. 

(3)  MAD  BOOM  indicator  light  on  annunciator 
panel  on  center  instrument  panel  comes  on 
(amber). 

_  Figure  2  [C] 

(4)  At  full  extension,  MAD  BOOM  indicator 
light  comeson  (green).  In  aircraft  modified  by 
ECP  S3- 352,  MAD  BOOM  indicator  light  is  located 
on  Pilot's  instrument  panel  and  Copilot's  advisory 
panel.  In  aircraft  not  modified  by  ECP  S3  352, 
MAD  BOOM  indicator  light  is  located  on  Copilot's 
advisory  panel. 

_ Figure  2  (D] 

NOTE 

Either  MAD  boom  ground  actuation  switch, 
when  released,  will  stop  MAD  boom 
movement. 

n.  Operate  both  MAD  boom  ground  actuation 
switches  to  RETRACT.  Following  results  must  be 
obtained: 
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(1)  MAD  boom  retracts. 
_ Figure  2  [E] 

(2)  MAD  BOOM  indicator  light  goes  off.  In 
aircraft  modified  by  ECP  S3-352,  MAD  BOOM  in¬ 
dicator  light  is  located  on  Pilot's  instrument  panel 
and  Copilot's  advisory  panel.  In  aircraft  not  modi¬ 
fied  by  ECP  S3-352,  MAD  BOOM  indicator  light 
is  located  on  Copilot's  advisory  panel. 

_ _ _  Figure  2  [F] 

(3)  At  full  retraction,  CAUTION  indicator 

lights  go  off.  In  aircraft  modified  by  ECP  S3-352, 
CAUTION  indicator  lights  are  located  under  Pilot's 
and  Copilot's  glareshield.  In  aircraft  not  modified 
by  ECP  S3-352,  CAUTION  indicator  lights  are  lo¬ 
cated  on  Pilot's  and  Copilot's  instrument  panels. 
_ _ _ Figure  2  [G] 

(4)  MAD  BOOM  indicator  light  on  annunciator 
panel  goes  off. 

_ ^Figure  2  [GJ 

o.  Operate  both  MAD  boom  ground  actuation 
switches  to  EXTEND  until  MAD  boom  is  fully 
extended  and  then  to  RETRACT  until  MAD  boom 
is  fully  retracted,  and  check  for  the  following: 

(1)  Electrical  cable  retractor  reel  reels  in 
and  reels  out  cable  freely  with  no  signs  of  slack 
in  cable. 

_ _ _ Figure  2  [H] 

(2)  Electrical  cable  clears  corners  of  upper 
outboard  flange  of  cable  retractor  reel  when 
cable  is  transitioning  through  slot  between  flanges. 
_  Figure  2  [I] 

8.  SHUTDOWN. 

a.  Shut  down  and  disconnect  NC-2A  or  NC-8A 
Mobile  Electric  Powerplant  (NAVAIR  Ol-S 3 AAA-2- 1 
SWP  007  10),  as  applicable,  and  NR-5C  or  NR- 10 
Air  Conditioner,  (NAVAIR  01-S3AAA-2-1  SWP 
007  12),  as  applicable. 

b.  Check  access  area  for  cleanliness,  security 
of  components,  and  for  removal  of  foreign  objects. 

c.  Close  right  aft  avionics  compartment  access 
door  and  SCS  compartment  access  door. 
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1.  INTRODUCTION. 

2.  Testing  and  troubleshooting  of  the  counting 
accelerometer  consists  of  a  visual  inspection,  a 
comparative  analysis  of  the  last  periodic  recording  in 
the  aircraft  log.  known  load  levels  during  flight,  and 
troubleshooting  aircraft  wiring  (NAVAIR  01-S3AAA-2- 

■  5.1  SWP  003  10).  System  discrepancies  such  as 
improper  grounds  or  shielding,  connector  pin  wear 
and  power  interruptions  can  cause  false  readings  on 
the  indicator. 

3.  The  Weapon  Replaceable  Assemblies  (WRA)  of 
the  counting  accelerometer  is  listed  in  table  1  and  is 
shown  in  figure  1.  Procedures  for  replacing  each 
WRA  is  contained  in  NAVAIR  01 -S3  AAA-2-4,2  SWP 
004  09. 


4.  TESTING  AND  TROUBLESHOOTING. 

5.  For  this  type  of  transducer,  windows  in  the 
indicator  will  record  number  of  events  of  a  particular 
magnitude.  Window  1  records  number  of  times  that 
2-g's  have  been  reached  in  a  vertical  plane.  Windows 
2,  3.  and  4  will  record  occurrences  of  2.5,  3.0,  and 
3.5-g  levels,  respectively. 

6.  Visually  inspect  counting  windows  (figure  1),  and 
verify  that  counts  are  greater  than  those  recorded  in 
aircraft  tog  at  last  periodic  inspection.  Ensure  that 
counts  are  highest  in  window  1,  and  progressively 
tower  in  windows  2,  3,  and  4.  The  system  will  be 
checked  each  time  readings  are  taken  for 
malfunctions  such  as  no  counts,  erratic  counts  and 
excessive  counts  using  the  following  procedures. 

7.  If  no  counts  have  been  registered  since  last 
periodic  inspection,  and  aircraft  has  performed 
maneuvers  that  would  result  in  g-loads  equal  to  or 
higher  than  2  0  g  (showing  in  window  1),  check  for 
the  following: 

a  Proper  Transducer  MS  part  number,  inspect 
nameplate  of  transducer  for  proper  MS  part  number. 
If  incorrect,  replace  transducer  (NAVAIR  01  -S3AAA- 
2-4.2  SWP  004  09)  with  correct  unit  and  submit 
NAVAIR  Form  13920/1. 


b.  Mismatch  of  Transducer  and  Indicator. 
Inspect  nameplates  for  mismatch  of  indicator  and 
transducer  manufacturer.  II  mismatched,  remove 
either  indicator  or  transducer  (NAVAIR  01-S3AAA-2- 
4.2  SWP  004  09),  replace  with  unit  matching  the 
manufacturer  of  remaining  unit  and  submit  NAVAIR 
Form  13920/1.  Comply  with  7.c  below  if  required. 

c.  Unmodified  .131300101  indicator.  If  no 
mismatch  and  units  are  both  manufactured  by 
Giannini,  check  for  unmodified  indicator.  Unmodified 
units  will  have  Giannini  Part  No.  2231  -B-1.  Modified 
units  will  have  Giannini  Part  No.  2231 -B-2.  If 
unmodified,  replace  indicator  (NAVAIR  01-S3AAA-2- 
4.2  SWP  004  09)  and  submit  NAVAIR  Form  13920/1 . 

d.  No.PQwer  to  system  with  MLG  up  and 
locked.  If  indicator  is  of  modified  type,  check  for  28 
vdc  power  to  pin  1  of  PI  27  using  pin  2  of  Pi  27  for 
ground  (NAVAIR  01 -S3 AAA-2-5.1  SWP  003  11)  with 
RH  main  landing  gear  in  a  (simulated)  up  and  locked 
condition  (1 F0  output  from  LH  Control  Logic  Assy).  If 
no  power  is  available,  correct  as  required  and  submit 
NAVAIR  Form  13920/1. 

e.  Faulty  system  connectors  or  wiring.  If  proper 
power  is  available  to  PI  27,  inspect  indicator  and 
transducer  receptacles  for  pin  and  socket  condition 
(loose,  worn,  pushed,  etc.),  indicator  to  transducer 
wiring  condition,  pin-to-pin  continuity  and  proper 
shield  connections.  If  faulty,  correct  or  replace  as 
necessary  and  submit  NAVAIR  Form  13920/1 . 

8.  If  none  of  the  discrepancies  described  in  7.a 
through  7.e  exists,  replace  Transducer  and  Indicator 
(NAVAIR  01 -S3 AAA-2-4.2  SWP  004  09)  and  submit 
NAVAIR  Form  13920/1. 

9.  If  erratic  counts  are  being  registered,  it  should  be 
verified  by  comparing  the  previous  periods  readings 
on  all  four  windows  with  the  current  window  readings. 
The  highest  number  should  be  in  window  1  and  lower 
in  each  successive  window.  If  the  counts  for  a  given 
toad  level  exceed  the  previous  periods  readings  for  a 
tower  toad  level,  erratic  readings  are  being  recorded. 
Examples  would  be  if  window  4  counts  exceeds 
counts  of  windows  3,  2  and  1  or  window  3  counts 
exceed  counts  of  windows  2  and  1 .  If  this  condition 
exists,  check  for  the  following: 
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L  PURPOSE. 

2.  This  manual  provides  the  data  required  by  the 
technician  to  do  testing  and  troubleshooting  of  the 
system. 

3.  REQUISITIONING  AND  DISTRIBUTION 
OF  NAVAIR  TECHNICAL  PUBLICATIONS. 

4.  Procedures  to  be  used  by  Naval  Activities  and 
other  Department  of  Defense  organizations 
requiring  NAVAIR  technical  publications  are 
defined  in  the  NAVAL  AIR  SYSTEMS 
COMMAND  TECHNICAL  MANUAL  PROGRAM 
manual,  NAVAIR  00-25-100  and  NAVAIRINST 
5605.5,  Distribution  of  aeronautic  technical 
publications.  To  automatically  receive  future 
changes  and  revisions  to  NAVAIR  technical 
manuals,  an  activity  must  be  established  on  the 
Automatic  Distribution  Requirements  List  (ADRL) 
maintained  by  the  Naval  Air  Technical  Services 
Facility  (NAVAIRTECHSERVFAC).  To  become 
established  on  the  ADRL,  notify  your  activity 
central  technical  publications  librarian.  If  your 
activity  does  not  have  a  library,  you  may  establish 
your  automatic  distribution  requirements  by 
contacting  the  Commanding  Officer, 
NAVAIRTECHSERVFAC,  Attn:  ADRL 
REQUEST,  700  Robbins  Avenue,  Philadelphia,  PA 
19111-5097.  Annual  reconfirmation  of  these 
requirements  are  necessary  to  remain  on  automatic 
distribution.  Please  use  your 
NAVAIRTECHSERVFAC  assigned  account 
number  whenever  referring  to  automatic 
distribution  requirements. 

If  additional  or  replacement  copies  of  this  manual 
are  required  with  no  attendant  changes  in  the 
ADRL,  they  may  be  ordered  by  submitting  a 
DD  1348  requisition  directly  to  the  Commanding 
Officer,  Naval  Publications  and  Forms  Center,  5801 
Tabor  Road,  Philadelphia,  PA  19120-5099. 


5.  MANUAL  ISSUE  DATE. 

6.  The  date  on  the  title  page  is  the  copy  freeze 
date.  No  additions,  deletions,  or  changes  are  made 
after  the  manual  issue  date  except  last  minute 
safety  of  flight  or  required  maintenance  changes. 
Data  collected  after  the  manual  issue  date  will  be 
included  in  later  changes  or  revisions  of  the  manual. 

7.  EFFECTIVITIES. 

8.  Effectivity  notes  on  manual  title  pages,  work 
package  title  pages,  and  within  a  work  package 
indicate  the  aircraft  or  software  program  to  which 
the  data  applies.  If  no  effectivity  note  appears  on 
the  work  package  title  page,  the  work  package  has 
the  same  effectivity  as  shown  on  the  manual  title 
page.  The  effectivity  notes  may  use: 

NOTE 

Aircraft  with  model  designator  F/A-18B 
are  the  same  type  and  model  as 
TF/A-18A. 

a.  Type,  model,  and  series 

NOTE 

F/A-18D  aircraft  after  bureau  number 
164967  is  referred  to  as  bureau  number 
F/A-18D  D-140. 

b.  Bureau  number  (tail  number) 

c.  Combination  of  type,  model,  series,  and 
bureau  numbers 

d.  Part  number  or  serial  number 

e.  Technical  directive  number 

f.  Configuration/identification  number 

DA-200CU 
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L  PURPOSE. 

2.  This  manual  provides  the  data  required  by  the 
technician  to  do  testing  and  troubleshooting  of  the 
system. 

3.  REQUISITIONING  AND  DISTRIBUTION 
OF  NAVAIR  TECHNICAL  PUBLICATIONS. 

4.  Procedures  to  be  used  by  Naval  Activities  and 
other  Department  of  Defense  organizations 
requiring  NAVAIR  technical  publications  are 
defined  in  the  NAVAL  AIR  SYSTEMS 
COMMAND  TECHNICAL  MANUAL  PROGRAM 
manual,  NAVAIR  00-25-100  and  NAVAIR  IN  ST 
5605.5,  Distribution  of  aeronautic  technical 
publications.  To  automatically  receive  future 
changes  and  revisions  to  NAVAIR  technical 
manuals,  an  activity  must  be  established  on  the 
Automatic  Distribution  Requirements  List  (ADRL) 
maintained  by  the  Naval  Air  Technical  Services 
Facility  (NAVAIRTECHSERVFAC).  To  become 
established  on  the  ADRL,  notify  your  activity 
central  technical  publications  librarian.  If  your 
activity  does  not  have  a  library,  you  may  establish 
your  automatic  distribution  requirements  by 
contacting  the  Commanding  Officer, 
NAVAIRTECHSERVFAC,  Attn:  ADRL 
REQUEST,  700  Robbins  Avenue,  Philadelphia,  PA 
19111-5097.  Annual  reconfirmation  of  these 
requirements  are  necessary  to  remain  on  automatic 
distribution.  Please  uae  your 
NAVAIRTECHSERVFAC  assigned  account 
number  whenever  referring  to  automatic 
distribution  requirements. 

If  additional  or  replacement  copies  of  this  manual 
are  required  with  no  attendant  changes  in  the 
ADRL,  they  may  be  ordered  by  submitting  a 


DD  1348  requisition  directly  to  the  Commanding 
Officer,  Naval  Publications  and  Forms  Center,  5801 
Tabor  Road,  Philadelphia,  PA  19120-5099. 

5.  MANUAL  ISSUE  DATE. 

6.  The  date  on  the  title  page  ia  the  copy  freeze 
date.  No  additions,  deletions^  or  changes  are  made 
after  the  manual  issue  date  except  last  minute 
safety  of  flight  or  required  maintenance  changes. 
Data  collected  after  the  manual  issue  date  will  be 
included  in  later  changes  or  revisions  of  the  manual. 

7.  EFFECTIVITIES. 

8.  EfTectivity  notes  on  manual  title  pages,  work 
package  title  pages,  and  within  a  work  package 
indicate  the  aircraft  or  software  program  to  which 
the  data  applies.  If  no  effectivity  note  appears  on 
the  work  package  title  page,  the  work  package  has 
the  same  effectivity  as  shown  on  the  manual  title 
page.  The  effectivity  notes  may  uae: 


Aircraft  with  model  designator  F/A-18B 
are  the  same  type  and  model  as 
TF/A-18A. 

a.  Type,  model,  and  series 

b.  Bureau  number  (tail  number) 

c.  Combination  of  type,  model,  series,  and 
bureau  numbers 

d.  Part  number  or  serial  number 

e.  Technical  directive  number 
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9.  The  table  below  shows  examples  of  effectivity 
notes  and  their  meanings: 


Effectivity  Note  Examples 


Effectivity  Note 

Definition 

160777  AND  UP 

Applicable  to  all  F/A-18A,  F/A-18B,  F/A-18C  and  F/A-18D 
for  bureau  numbers  listed. 

F/A-18A,  F/A-18B 

Applicable  to  all  F/A-18A  and  F/A-18B. 

F/A-18C,  F/A-18D 

Applicable  to  all  F/A-18C  and  F/A-18D. 

F/A-18A 

Applicable  to  all  F/A-18A,  but  not  F/A-18B,  F/A-18C  and 
F/A-18D. 

F/A-18B 

Applicable  to  all  F/A-18B,  but  not  F/A-18A,  F/A-18C,  and 
F/A-18D. 

F/A-18C 

Applicable  to  all  F/A-18C,  but  not  F/A-18A,  F/A-18B,  and 
F/A-18D. 

F/A-18D 

Applicable  to  all  F/A-18D,  but  not  F/A-18A,  F/A-18B,  and 
F/A-18C. 

F/A-18A,  F/A-18C 

Applicable  to  all  F/A-18A  and  F/A-18C,  but  not  to  F/A-18B 
and  F/A-18D. 

F/A-18B,  F/A-18D 

Applicable  to  all  F/A-18B  and  F/A-18D,  but  not  to  F/A-18A 
and  F/A-18C. 

F/A-18A  160775, 160777  THRU  160782 

Only  applicable  to  some  bureau  numbers  of  F/A-18A.  Not 
applicable  to  any  F/A-18B,  even  if  a  F/A-18B  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18C  163427, 163430  THRU  163456 

Only  applicable  to  some  bureau  numbers  of  F/A-18C.  Not 
applicable  to  any  F/A-18D,  even  if  a  F/A-18D  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18B  160784  AND  UP 

Only  applicable  to  some  bureau  numbers  of  F/A-18B.  Not 
applicable  to  any  F/A-18A,  even  if  an  F/A-18A  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18D  163434  THRU  163457 

Only  applicable  to  some  bureau  numbers  of  F/A-18D.  Not 
applicable  to  any  F/A-18C,  even  if  a  F/A-18C  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18B  160784  AND  UP,  F/A-18D 

Applicable  to  some  bureau  numbers  of  F/A-18B.  Not  appli¬ 
cable  to  any  F/A-18A,  even  if  an  F/A-18A  bureau  number  is 
within  the  numbers  listed.  Also  applicable  to  all  F/A-18D 
aircraft. 
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f.  Configuration/ identification  number 

9.  The  table  below  shows  examples  of  effectivity 
notes  and  their  meanings: 


Effectivity  Note  Examples 


Effectivity  Note 

Definition 

160777  AND  UP 

Applicable  to  all  F/A-18A,  F/A-18B,  F/A-18C  and  F/A-18D 
for  bureau  numbers  listed. 

F/A-18A,  F/A-18B 

Applicable  to  all  F/A- ISA  and  F/A-18B. 

F/A-18C,  F/A-18D 

Applicable  to  all  F/A-18C  and  F/A-18D. 

F/A-18A 

Applicable  to  all  F/A-18A,  but  not  F/A-18B,  F/A-18C  and 
F/A-18D. 

F/A-18B 

Applicable  to  all  F/A-18B,  but  not  F/A-18A,  F/A-18C,  and 
F/A-18D. 

F/A-18C 

Applicable  to  all  F/A-18C,  but  not  F/A-18A,  F/A-18B,  and 
F/A-18D. 

F/A-18D 

Applicable  to  all  F/A-18D,  but  not  F/A-18A,  F/A-18B,  and 
F/A-18C. 

F/A-18A,  F/A-18C 

Applicable  to  all  F/A-18A  and  F/A-18C,  but  not  to  F/A-18B 
and  F/A-18D. 

F/A-18B,  F/A-18D 

Applicable  to  all  F/A-18B  and  F/A-18D,  but  not  to  F/A-18A 
and  F/A-18C. 

F/A-18A  160776,  160777  THRU  160782 

Only  applicable  to  some  bureau  numbers  of  F/A-18A.  Not 
applicable  to  any  F/A-18B,  even  if  a  F/A-18B  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18C  163427,  163430  THRU  163456 

Only  applicable  to  some  bureau  numbers  of  F/A-18C.  Not 
applicable  to  any  F/A-18D,  even  if  a  F/A-18D  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18B  160784  AND  UP 

Only  applicable  to  some  bureau  numbers  of  F/A-  18B.  Not 
applicable  to  any  F/A-18A,  even  if  an  F/A-18A  bureau  num¬ 
ber  is  within  the  numbers  listed. 

F/A-18D  163434  THRU  163457 

Only  applicable  to  some  bureau  numbers  of  F/A-18D.  Not 
applicable  to  any  F/A-18C,  even  if  a  F/A- 18C  bureau  num¬ 
ber  is  within  the  numbers  listed. 
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established  on  the  Automatic  Distribution  Requirements 
List  (ADRL)  maintained  by  the  Naval  Air  Technical 
Services  Facility  (NAVAIRTECH-SERVFAC).  To 
become  established  on  the  ADRL,  notify  your  activity 
central  technical  publications  librarian.  If  your  activity 
does  not  have  a  library,  you  may  establish  your  automatic 
distribution  requirements  by  contacting  the  Commanding 
Officer,  NAVAIRTECHSERVFAC,  Attn:  ADRL  RE¬ 
QUEST,  700  Robbins  Avenue,  Philadelphia,  PA  191 1 1- 
5097.  Annual  reconfirmation  of  these  requirements  is 
necessary  to  remain  on  automatic  distribution.  Please 
use  your  NAVAIRTECHSERVFAC  assigned  account 
number  whenever  referring  to  automatic  distribution 
requirements. 


6.  If  additional  or  replacement  copies  of  this  manual  are 
required  with  no  attendant  changes  in  the  ADRL,  they  may 
be  ordered  by  submitting  a  DD  1348  requisition  directly  to 
the  Commanding  Officer,  Naval  Publications  and  Forms 
Center,  5S0I  Tabor  Road,  Philadelphia,  PA  19120-5099. 
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7.  RECORD  OF  APPLICABLE  TECHNICAL 
DIRECTIVES- 

8.  The  technical  directives  affecting  this  manual  are  listed 
in  the  Record  of  Applicable  Technical  Directives  of  each 
affected  work  package.  When  all  affected  targeting  FLIR 
systems  are  modified,  the  before  configuration  and  the 
technical  directive  entry  ire  removed  from  the  affected 
work  package. 

9.  TROUBLESHOOTING  IMPROVEMENTS 

10.  When  a  troubleshooting  procedure  does  not  correct  a 
malfunction  and  you  determine  that  additional  or  new 
troubleshooting  is  required,  submit  a  Technical  Publica¬ 
tions  Deficiency  Report  (TPDR)  providing  the  informa¬ 
tion  below: 

a.  Fault  descriptor  for  A 1 -FI 8(  )-FRM-000. 

b.  Corrective  action  taken  for  malfunction. 
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Effectivlty  Note  Examples  (Continued) 


Effectivity  Note 

Definition 

F/A-18C,  F/A-18D  163434  THRU  163457 

Applicable  to  all  F/A-18C  aircraft.  Applicable  to  some  bu¬ 
reau  numbers  of  F/A-18D. 

F/A-18D  D-140  AND  UP 

Applicable  to  all  F/A-18D  aircraft  after  bureau  number 
164967. 

160775  THRU  160785  BEFORE  F/A-18 

AFC  772 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbers 
listed,  before  modification  by  technical  directive. 

161213  AND  UP;  ALSO  160775  THRU 
160785  AFTER  F/A-18  AFC  772 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  when  affected  aircraft  have  been  modified  by  tech¬ 
nical  directive. 

160775  THRU  160785;  WHEN  NO.  2  CON¬ 
TROL  PANEL  P/N  XXXX-X  IS  IN¬ 
STALLED 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbers 
listed  if  panel  P/N  XXXX-X  is  installed.  (Configuration 
before  AVC) 

161213  AND  UP;  ALSO  160775  THRU 
160785;  WHEN  NO.  2  CONTROL  PANEL 
P/N  XXXX-Y  (A VC-102)  IS  INSTALLED 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  to  aircraft  components  modified  to  the  production 
configuration  by  technical  directive.  (Configuration  after 
AVC) 

P/N  MBEU65101-9,  MBEU65101-10  & 
MBEU65105-3 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft. 

ENGINE  NO.  215101  THRU  215109 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft,  but  configurations  can  not  be  identified  by  part 
number. 

CONFIG/IDENT  NUMBER  84A 

The  CONFIG/IDENT  Number  is  the  program  load  identifi¬ 
cation  number  which  identifies  the  software  program  loaded 
in  specific  programmable  units.  Refer  to  A1-F18AC-SCM- 
000  for  CONFIG/IDENT  Number  tables. 

10.  TECHNICAL  DIRECTIVES. 

11.  Technical  directives  are  documents  which  direct 
the  accomplishment,  and  recording  of  a  retrofit 
configuration  or  inspection  to  delivered  aircraft,  or 
aircraft  components. 

12.  AIRFRAME  CHANGE  (AFC)  AND  AIRBORNE 
TACTICAL  SOFTWARE  CHANGE  (ASC)  .  Technical 
directives  which  change  configuration  of  aircraft 
structure  or  equipment  installation,  i.e.  AFC,  will 
list  aircraft  bureau  numbers  in  effectivity  notes  and 
show  before  and  after  the  AFC.  Technical  directives 
which  change  configuration  of  operational  flight 
programs  (OFP),  i.e.  ASC,  will  list  the  OFP 
CONFIG/IDENT  NUMBER  in  effectivity  notes 


and  show  the  latest  two  authorized  OFP  programs. 
See  AFC  and  ASC  effectivity  examples  in 
Effectivity  Note  Example  Table. 

13.  AIRCRAFT  COMPONENT  CHANGES. 

Technical  directives  which  change  configuration  of 
aircraft  components,  i.e.  AAC,  ACC,  AVC,  AYC, 
and  PPC  will  list  part  numbers  in  the  effectivities. 
See  AVC  effectivity  examples  in  Effectivity  Note 
Example  table. 

14.  RECORD  OF  APPLICABLE  TECHNICAL 
DIRECTIVES. 

15.  The  technical  directives  affecting  this  manual 
are  listed  in  the  Record  of  Applicable  Technical 
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Effectivlty  Note  Examples  (Continued) 


Effectivity  Note 

Definition 

P/A-18B  160784  AND  UP,  F/A-18D 

Applicable  to  some  bureau  numbers  of  F/A-18B.  Not  appli- 
cid)le  to  any  F/A-18A,  even  if  an  F/A-18A  bureau  number  is 
within  the  numbers  listed.  Also  applicable  to  aQ  F/A-18D 
aircraft 

F/A-18C,  F/A-18D  163434  THRU  163467 

Applicable  to  all  F/A-18C  aircraft.  Applicable  to  some  bu¬ 
reau  numbers  of  F/A-18D. 

160775  THRU  160785  BEFORE  F/A-18 

AFC  772 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbo-s 
listed,  before  modification  by  technical  directive. 

161213  AND  UP;  ALSO  160775  THRU 
160785  AFTER  F/A-18  AFC  772 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  when  affected  aircraft  have  been  modified  by  tech¬ 
nical  directive. 

160775  THRU  160785;  WHEN  NO.  2  CON¬ 
TROL  PANEL  P/N  XXXX-X  IS  IN¬ 
STALLED 

Applicable  to  F/A-18A  and  F/A-18B  for  bureau  numbers 
listed  if  panel  P/NTCXXX-X  is  installed.  (Configuration 
before  AVC) 

161213  AND  UP;  ALSO  160775  THRU 
160785;  WHEN  NO.  2  CONTROL  PANEL 
P/N  XXXX-Y  (AVC- 102)  IS  INSTALLED 

Applicable  to  aircraft  modified  during  production;  also  ap¬ 
plicable  to  aircraft  components  modified  to  the  production 
configuration  by  technical  directive.  (Configuration  after 

AVC) 

P/N  MBEU65101-9,  MBEU65101-10  & 
MBEU65105-3 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft. 

ENGINE  NO.  215101  THRU  215109 

Applicable  to  assemblies  which  are  interchangeable  between 
aircraft,  but  configurations  can  not  be  identified  by  part 
number. 

CONFIG/IDENT  NUMBER  84A 

The  CONFIG/IDENT  Number  is  the  program  load  identifi¬ 
cation  number  which  identifies  the  software  program  loaded 
in  specific  programmable  units  Refer  to  A1-F18AC-SCM- 
000  for  CONFIG/IDENT  Number  tables. 

- - - - - - — _ 

10.  TECHNICAL  DIRECTIVES. 

11.  Technical  directives  are  documents  which  direct 
the  accomplishment,  and  recording  of  a  retrofit 
configuration  or  inspection  to  delivered  aircraft,  or 
aircraft  components. 

12.  AIRFRAME  CHANGE  (AFC)  AND  AIRBORNE 
TACTICAL  SOFTWARE  CHANGE  (ASC) .  Technical 
directives  which  change  configuration  of  aircraft 
structure  or  equipment  installation,  i.e.  AFC,  will 
list  aircraft  bureau  numbers  in  effectivity  notes  and 
show  before  and  after  the  AFC.  Technical  directives 
which  change  configuration  of  operational  flight 


programs  (OFP),  i.e.  ASC,  will  list  the  OFP 
CONFIG/IDENT  NUMBER  in  effectivity  notes 
and  show  the  latest  two  authorized  OFP  programs. 
See  AFC  and  ASC  effectivity  examples  in 
Effectivity  Note  Example  Table. 

13.  AIRCRAFT  COMPONENT  CHANGES. 

Technical  directives  which  change  configuration  of 
aircraft  components,  i.e.  AAC,  ACC,  AVC,  AYC, 
and  PPC  will  list  part  numbers  in  the  effectivities. 
See  AVC  effectivity  examples  in  Effectivity  Note 
Example  table. 
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Directives  of  each  affected  work  package.  Because 
an  ASC  directs  all  aircraft  be  modified  within  30 
days,  ASC's  are  not  listed.  When  all  affected 
aircraft  are  modified,  the  before  configuration  is 
removed  from  the  manual,  and  the  technical 
directive  entry  is  removed  from  the  Record  of 
Applicable  Technical  Directives. 

16.  TECHNICAL  PUBLICATIONS 
DEFICIENCY  REPORT  (TPDR). 

17.  The  TPDR  (OPNAV  FORM  4790/66)  is  the 
form  for  reporting  errors  and  suspected  omissions  in 
the  technical  manuals.  Reporting  procedures  are  in 
OPNAVINST  4790.2  SERIES. 

18.  QUALITY  ASSURANCE  PROCEDURES. 

19.  Procedures  or  parts  of  procedures  which  require 
quality  assurance  inspection  are  identified  by  the 
letters  (QA)  after  the  applicable  steps.  When  (QA) 
is  assigned  to  a  step  or  a  heading  which  is 
immediately  followed  by  substeps,  the  inspection 
requirement  is  applicable  to  all  substeps. 

20.  When  doing  maintenance  in  any  area,  a  visual 
inspection  of  the  area  will  be  made  for  cracks, 
corrosion  and  security  of  component  installation 
before  securing  the  area  for  flight. 

21.  TEST  PROCEDURES. 

22.  Test  procedures  are  done  as  part  of  malfunction 
isolation,  during  periodic  inspection,  or  when 
correct  system  operation  is  to  be  verified. 

23.  Satisfactory  completion  of  test  procedures 
verifies  correct  system  operation.  Do  steps  in 
sequence.  When  doing  system  test  procedures,  make 
sure: 

a.  System  Required  Components  identified  in 
procedure  are  installed. 

b.  Related  Systems  Required  identified  in 
procedure  are  operative. 

c.  Steps  are  done  in  sequence. 

d.  Results  are  as  shown  in  Normal  Indication 
column,  or  do  Remedy  for  Abnormal  Indication. 

e.  Each  malfunction  is  corrected  before  going  to 
next  step  by  repeating  portion  of  test  procedure 
which  failed. 
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24.  TROUBLESHOOTING. 

25.  TROUBLESHOOTING  PROCEDURES.  These 
procedures  provide  a  series  of  steps  with  a  NO-YES 
column.  These  steps  lead  to  corrective  action  for  the 
malfunction.  Troubleshooting  procedures  list  the 
data  below  for  use  as  an  aid  when  doing  procedural 
steps: 

a.  Reference  to  a  system  schematic. 

b.  Reference  to  a  component  locator. 

c.  List  of  support  equipment  and  materials 
required  which  will  always  be  used  in  the  procedure. 
Additional  support  equipment  may  be  required. 

d.  An  alphabetical  list  of  components  which 
could  cause  the  malfunction. 

26.  Troubleshooting  procedures  (logic  trees)  are 
referenced  from  a  test  procedure  Remedy  for 
Abnormal  Indication  column  or  from  Fault 
Reporting  Manual.  Logic  trees  are  written  assuming 
the  logic  below: 

a.  If  doing  a  test  procedure,  all  steps  testing 
functions  before  the  foiled  step  had  normal 
indication. 

b.  For  an  abnormal  indication,  only  one 
malfunction  exists. 

c.  All  replacement  components  are  ready  for 
installation. 

27.  CONTINUITY  TESTING.  When  doing 
continuity  tests  during  troubleshooting,  the  items 
listed  below  must  be  tested,  as  applicable. 

a.  Loose  electrical  connectors  and  bent,  broken, 
or  recessed  pins. 

b.  Continuity  between  specific  pins  per 
procedural  step  or  system  schematic. 

c.  Shorts  between  conductor  and  shield. 

d.  Shorts  between  conductor  and  surrounding 
pins  on  connectors. 

e.  Shield  continuity  per  diagrams/system 
schematics. 

28.  TROUBLESHOOTING  BEYOND  BIT/SYSTEM 
TESTING.  This  is  required  when  any  of  the 
conditions  listed  below  exist: 
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a.  Malfunction  was  not  detected  by  Built-In 
Test  (BIT). 

b.  Malfunction  was  not  detected  by  a  functional 
test  procedure. 

c.  When  a  troubleshooting  procedure  did  not 
correct  the  malfunction. 

d.  When  a  troubleshooting  procedure  does  not 
exist. 

29.  When  any  of  the  conditions  listed  in  paragraph 
28  exist,  troubleshooting  procedure/logic  must  then 
be  determined.  Use  steps  listed  below  to  aid  in 
determining  procedure/logic: 

a.  Use  referenced  system  schematic  or  select 
applicable  system  schematic  for  malfunction.  Use 
schematic  for  troubleshooting  beyond  BIT  analysis 
as  listed  below: 

(1)  Analyze  interface  of  system  components. 
Determine  logic  wiring  and/or  components  which 
may  cause  the  malfunction.  Determine  when  an 
interfacing  component  could  cause  the  malfunction. 

(2)  When  malfunction  can  be  caused  by 
mission  computer  system  signal  interface,  analyze 
mission  computer  system  integrated  functions  and 
memory  inspect  suspected  Input/Output  REF 
CODES  (A1-F18AC-FIM-100). 

b.  Review  VIDS/MAF  (OPNAV  4790/60)  in 
Aircraft  Discrepancy  Book  for  related  malfunctions. 

(1)  Analyze  system /related  system 
maintenance  codes  reported  by  Nose  Wheelwell 
Digital  Display  Indicator. 

(2)  Determine  if  aircraft  components  that 
have  been  replaced  could  cause  malfunction. 

(3)  When  a  repeat  malfunction  exists, 
analyze  previous  maintenance  action  completed  for 
the  malfunction. 

(a)  When  component  replacement 
is/was  done,  analyze  component  history  as  listed: 

1)  Determine  where  component 

came  from. 

2)  Determine  previous  history  of 
component  (when  available). 
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3)  Determine  if  similar  malfunction 
occurred  on  another  aircraft. 

4)  Determine  if  replaced  component 
could  be  causing  existing  malfunction. 

5)  Determine  if  replacing 
component  again  would  correct  malfunction. 

(b)  Determine  if  any  rigging  or  control 
procedures  that  have  been  done  could  cause  the 
malfunction. 

(c)  Determine  when  rigging/boresight 
procedures  should  be  done  to  verify  system 
operation  for  malfunction. 

30.  TROUBLESHOOTING  IMPROVEMENTS.  When 
a  troubleshooting  procedure  did  not  correct  a 
malfunction  and  it  is  determined  that  additional  or 
new  troubleshooting  is  required,  submit  Technical 
Publications  Deficiency  Report  (TPDR)  providing 
the  information  listed  below: 

a.  Fault  descriptor  for  Al-Fl8(  )-FRM-000. 

b.  Corrective  action  taken  for  malfunction. 

c.  Logic  used  to  isolate  malfunction. 

d.  Probable  changes  that  could  shorten 
troubleshooting  time  for  malfunction. 

31.  DIAGRAMS. 

32.  System  schematics  are  in  Al-F18A(  )-(  )-500 
series  manuals. 

33.  ILLUSTRATED  PARTS  BREAKDOWN. 

34.  Each  illustrated  parts  breakdown  (IPB)  in  this 
manual  has  a  parts  list  and  illustration  for  the 
requisition,  storage,  authority  for  use  and 
identification  of  parts.  The  illustration  is  integrated 
with,  and  supports,  both  the  maintenance  procedure 
and  the  parts  list  within  each  work  package. 

35.  PART  NUMBER  COLUMN.  Footnote  symbols 
in  the  part  number  column  are  defined  following 
the  last  part  listed  in  each  parts  list  (also  see 
converted  part  numbers,  this  WP). 

36.  INDENTION.  The  first  entry  in  the  description 
column  of  each  parts  list  is  the  figure  title.  This 
figure  title  identifies  the  parts  list  with  the  related 
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2a  TROUBLESHOOTING  BEYOND  BIT/  SYSTEM 
TESTING.  This  is  required  when  any  of  the 
conditions  listed  below  exist: 

a.  Malfunction  was  not  detected  by  Built-In 
Teet  (BIT). 

b.  Malfunction  was  not  detected  by  a  functional 
test  procedure. 

c.  When  a  troubleshooting  procedure  did  not 
correct  the  malfunction. 

d.  When  a  troubleshooting  procedure  does  not 
exist. 

29.  When  any  of  the  conditions  listed  in  paragraph 
28  exist,  troubleshooting  procedure/logic  must  then 
be  determined.  Use  steps  listed  below  to  aid  in 
determining  procedure/logic: 

a.  Use  referenced  system  schematic  or  select 
applicable  system  schematic  for  malfunction.  Use 
schematic  for  troubleshooting  beyond  BIT  analysis 
as  listed  below: 

(1)  Analyze  interface  of  system  components. 
Determine  logic  wiring  and/or  components  which 
may  cause  the  malfunction.  Determine  when  an 
interfacing  component  could  cause  the  malfunction. 

(2)  When  malfunction  can  be  caused  by 
mission  computer  system  Bignal  interface,  do 
applicable  steps  below: 

(a)  Analyze  mission  computer  system 
integrated  functions.  Use  KEF  CODES  on  system 
schematics  for  aid  when  interpreting  computer 
software  logic  (Al*F18A(  )-OLD-(  )  series 
manuals). 

(b)  Memory  inspect  suspected 
Input/Output  REF  CODES  (A1-F18AC-FIM-100). 

b.  Review  VIDS/MAF  (OPNAV  4790/60)  in 
Aircraft  Discrepancy  Book  for  related  malfunctions. 

(1)  Analyze  ayetem/related  system 
maintenance  codes  reported  by  Nose  Wheelwell 
Digital  Display  Indicator. 

(2)  Determine  if  aircraft  components  that 
have  been  replaced  could  cause  malfunction. 

(3)  When  a  repeat  malfunction  exists, 
analyze  previous  maintenance  action  completed  for 
the  malfunction. 
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(ft)  When  component  replacement 
is/ was  done,  analyze  component  history  as  listed: 

1)  Determine  where  component 

came  from. 

2)  Determine  previous  history  of 
component  (when  available). 

3)  Determine  if  similar  malfunction 
occurred  on  another  aircraft. 

4)  Determine  if  replaced  component 
could  be  causing  existing  malfunction. 

5)  Determine  if  replacing 
component  again  would  correct  malfunction. 

(b)  Determine  if  any  rigging  or  control 
procedures  that  have  been  done  could  cause  the 
malfunction. 

(c)  Determine  when  rigging/boresight 
procedures  should  be  done  to  verify  system 
operation  for  malfunction. 

SO.  TROUBLESHOOTING  IMPROVEMENTS.  When 
a  troubleshooting  procedure  did  not  correct  a 
malfunction  and  it  is  determined  that  additional  or 
new  troubleshooting  is  required,  submit  Technical 
Publications  Deficiency  Report  (TPDR)  providing 
the  information  listed  below: 

a.  Fault  descriptor  for  A1-F18C  )-FRM-000. 

b.  Corrective  action  taken  for  malfunction. 

c.  Logic  used  to  isolate  malfunction. 

d.  Probable  changes  that  could  shorten 
troubleshooting  time  for  malfunction. 

31.  DIAGRAMS. 

32.  System  schematics  are  in  A1-F18A(  )-(  )-600 
series  manuals. 

33.  ILLUSTRATED  PARTS  BREAKDOWN. 

34.  Each  illustrated  parts  breakdown  (IPB)  in  this 
manual  has  a  parts  list  and  illustration  for  the 
requisition,  storage,  authority  for  use  and 
identification  of  parts.  The  illustration  is  integrated 
with,  and  supports,  both  the  maintenance  procedure 
and  the  parts  list  within  each  work  package. 


Figure  B  1.0-21  A1-F18AC-510-200  2-OOp5 


B  -  21 


A1-F18AC-450-200 


002  00 

Page  6 


maintenance  procedure  and  is  shown  in  the  first 
irident.  All  parts  data  required  to  support  the 
specific  maintenance  procedure  is  below  the  figure 
title  in  the  second  indent. 

37.  COMMON  NAMES.  The  official  nomenclature 
in  the  description  column  may  not  be  the  name 
commonly  used  for  an  item.  If  different  from  the 
official  nomenclature,  the  common  name  is  shown 
in  parentheses  in  the  description  column 
immediately  following  the  official  nomenclature. 

38.  COMMERCIAL  AND  GOVERNMENT  ENTITY 
CODES.  Entity  code  or  manufacturer's  name  and 
address  are  shown  in  the  Description  column  in 
parentheses  after  the  nomenclature  for  the  item. 
These  codes  are  per  the  Commercial  and 
Government  Entity  (CAGE)  Handbook  H4/H8 
Series.  No  code  indicates  the  item  is  a  government 
standard  part. 

39.  ATTACHING  PARTS.  Attaching  parts  are 
identified  by  (AP)  after  the  nomenclature  of  the 
item  in  the  description  column.  Attaching  parts  are 
listed  immediately  following  the  part  they  attach. 

40.  SPECIAL  HANDLING.  Items  requiring  special 
handling  such  as  liquid  oxygen  components, 
magnetic  control  items  or  on-board  oxygen 
generating  system  (OBOGS)  are  identified  by  the 
acronym  LOX  for  liquid  oxygen,  MAG  for  magnetic 
control  and  OXYGEN  for  on-board  oxygen 
generating  system  (OBOGS)  in  the  Description 
column,  at  the  extreme  right  side. 

41.  CONVERTED  PART  NUMBERS.  Some  part 
numbers  appear  in  the  Part  Number  column  which 
are  different  than  the  manufacturer's  part  number. 
These  are  converted  part  numbers.  The 
unconverted  manufacturer’s  part  number  is  shown 
in  the  Description  column  following  the 
manufacturer's  code.  Always  use  the  part  number  in 
the  Part  Number  column  when  ordering  parts.  If  an 
item  is  not  available  under  the  listing  in  the  Part 
Number  column,  it  may  be  ordered  using  the 
unconverted  part  number  found  in  the  Description 
column  or  by  using  the  number  found  on  the  part. 
Examples  of  special  characters  as  they  may  appear 
in  the  Part  Number  and  Description  columns  are 
shown  below: 


Part  Number  Column 

Description  Column 

PORM 

±  (Plus  or  Minus) 

DEG 

•  (Degree) 

E 

e  (Lower  case  letter) 

2 

II  (Roman  Numeral) 

0.001 

.001  (Decimal) 

42.  SUPERSEDED  PARTS.  Superseded  part 
numbers  have  been  removed  from  the  Part  Number 
column  and  placed  in  the  Description  column  of  the 
superseding  part  (for  example  -  supersedes 
74A582090-1003).  This  indicates  that  the 
superseded  part  is  usable  if  available  through 
salvage,  but  should  not  be  requisitioned  or  made. 

43.  NEXT  HIGHER  ASSEMBLY.  Next  higher 
assembly  (NHA)  data  is  not  shown  using  indention. 
Next  higher  procurable  assembly  (NHPA)  data  is 
shown  for  part  numbers  that  have  a  procurable 
NHA.  The  NHPA  and  its  assigned  Source, 
Maintenance  and  Recoverability  (SM&R)  code  are 
in  parentheses  as  the  last  entry  in  the  Description 
column.  Requisition  the  NHPA  when  the  part  listed 
in  the  Part  Number  column  is  not  available  from 
supply.  The  components  of  assemblies  that  required 
disassembly  during  removal  from  aircraft,  are 
footnoted  in  the  part  number  column. 

44.  UNITS  PER  ASSEMBLY  COLUMN  (UPA).  This 
column  lists  the  total  number  of  each  part  required 
per  assembly  or  subassembly  and  are  not 
necessarily  the  total  number  used  in  the  end  item  of 
equipment.  The  letters  AR  (As  Required)  are  used 
for  items  such  as  shims  when  the  requirement  may 
vary. 

45.  USABLE-ON  CODES.  Applicable  usable-on 
codes  are  identified  on  the  final  sheet  of  each  parts 
list.  No  entry  in  the  Use  On  column  indicates  parts 
are  applicable  to  all  configurations  supported  by 
this  parts  list. 

46.  ALTERNATE  OR  EQUIVALENT  PARTS.  An 

asterisk  (*),  in  the  Use  On  column,  identifies 
alternate  parts  or  equivalent  parts  that  are 
interchangeable.  When  a  letter  code  is  followed  by 
an  asterisk  in  the  Use  On  column,  only  the  parts 
with  the  same  letter  code  are  interchangeable.  An 
alternate  part  may  be  used  when  preferred  part  is 
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35.  PART  NUMBER  COLUMN.  Footnote  aymbols 
in  the  part  number  column  are  defined  following 
the  last  part  listed  in  each  parts  list  (also  see 
converted  part  numbers,  this  WP). 

36.  INDENTION.  The  first  entry  in  the  description 
column  of  each  parts  list  is  the  figure  title.  This 
figure  title  identifies  the  parts  list  with  the  related 
maintenance  procedure  and  is  shown  in  the  first 
indent.  All  parts  data  required  to  support  the 
specific  maintenance  procedure  is  below  the  figure 
title  in  the  second  indent. 

37.  COMMON  NAMES.  The  official  nomenclature 
in  the  description  column  may  not  be  the  name 
commonly  used  for  an  item.  If  different  from  the 
official  nomenclature,  the  common  name  is  shown 
in  parentheses  in  the  description  column 
immediately  following  the  official  nomenclature. 

38.  COMMERCIAL  AND  GOVERNMENT  ENTITY 
CODES.  Entity  code  or  manufacturer’s  name  and 
address  are  shown  in  the  Description  column  in 
parentheses  after  the  nomenclature  for  the  item. 
These  codes  are  per  the  Commercial  and 
Government  Entity  (CAGE)  Handbook  H4/H8 
Series.  No  code  indicates  the  item  is  a  government 
standard  part. 

39.  ATTACHING  PARTS.  Attaching  parts  are 
identified  by  (AP)  after  the  nomenclature  of  the 
item  in  the  description  column.  Attaching  parts  are 
listed  immediately  following  the  part  they  attach. 

40.  SPECIAL  HANDLING.  Items  requiring  special 
handling  such  as  liquid  oxygen  components, 
magnetic  control  items  or  on-board  oxygen 
generating  system  (OBOGS)  are  identified  by  the 
acronym  LOX  for  liquid  oxygen,  MAG  for  magnetic 
control  and  OXYGEN  for  on-board  oxygen 
generating  system  (OBOGS)  in  the  Description 
column,  at  the  extreme  right  side. 

41.  CONVERTED  PART  NUMBERS.  Some  part 
numbers  appear  in  the  Part  Number  column  which 
are  different  than  the  manufacturer's  part  number. 
These  are  converted  part  numbers.  The 
unconverted  manufacturer’s  part  number  is  shown 
in  the  Description  column  following  the 
manufacturer's  code.  Always  use  the  part  number  in 
the  Part  Number  column  when  ordering  parts.  If  an 
item  is  not  available  under  the  listing  in  the  Part 
Number  column,  it  may  be  ordered  using  the 
unconverted  part  number  found  in  the  Description 
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column  or  by  using  the  number  found  on  the  part. 
Examples  of  special  characters  as  they  may  appear 
in  the  Part  Number  and  Description  columns  are 
shown  below: 


Part  Number  Column 

Description  Column 

PORM 

±  (Plus  or  Minus) 

DEG 

•  (Degree) 

E 

e  (Lower  case  letter) 

2 

II  (Roman  Numeral) 

0.001 

.001  (Decimal) 

42.  SUPERSEDED  PARTS.  Superseded  part 
numbers  have  been  removed  from  the  Part  Number 
column  and  placed  in  the  Description  column  of  the 
superseding  part  (for  example  -  supersedes 

74A  582090- 1003).  This  indicates  that  the 
superseded  part  is  usable  if  available  through 
salvage,  but  should  not  be  requisitioned  or  made. 

43.  NEXT  HIGHER  ASSEMBLY.  Next  higher 
assembly  (NHA)  data  is  not  shown  using  indention. 
Next  higher  procurable  assembly  (NHPA)  data  is 
shown  for  part  numbers  that  have  a  procurable 
NHA.  The  NHPA  and  its  assigned  Source, 
Maintenance  and  Recoverability  (SM&R)  code  are 
in  parentheses  as  the  last  entry  in  the  Description 
column.  Requisition  the  NHPA  when  the  part  listed 
in  the  Part  Number  column  is  not  available  from 
supply.  The  components  of  assemblies  that  required 
disassembly  during  removal  from  aircraft,  are 
footnoted  in  the  part  number  column. 

44.  UNITS  PER  ASSEMBLY  COLUMN  (UPA).  This 
column  lists  the  total  number  of  each  part  required 
per  assembly  or  subassembly  and  are  not 
necessarily  the  total  number  used  in  the  end  item  of 
equipment.  The  letters  AR  (As  Required)  are  used 
for  items  such  as  shimB  when  the  requirement  may 
vary. 

45.  USABLE-ON  CODES.  Applicable  usable-on 
codes  are  identified  on  the  final  sheet  of  each  partB 
list.  No  entry  in  the  Use  On  column  indicates  parts 
are  applicable  to  all  configurations  supported  by 
this  parts  list. 

46.  ALTERNATE  OR  EQUIVALENT  PARTS.  An 

asterisk  (*),  in  the  Use  On  column,  identifies 
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Figure  1.  SM&R  Code  Explanation 
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Table  1.  Functional  Test  (Continued) 


Procedure 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


3.  As  reservoir  continues  to  fill, 
circuit  1A  indicator(s)  retract  and 
HYD  1A  display  disappears  from 
DDL 


L  If  circuit  1A  indicator  (s)  do  not 

retract,  replace  reservoir 

(Al  -F18AC-450-300,  WP005  00). 


2.  If  the  HYD  1A  display  does  not 
disappear,  replace  the  circuit  1A 
pressure  switch  10S-P006A 
( Al  -  F18AC-450-300,  WP005  00). 


CAUTION 


To  prevent  damage  to  hydraulic  reservoir,  during  overfill  operation,  do  not 
exceed  140  PSI.  If  reservoir  overboard  relief  does  not  occur  before  or  at  140 
PSI,  stop  reservoir  overfilling  operation. 


(3)  Continue  to  fill  reservoir 
until  reservoir  fluid  level  indica¬ 
tor  indicates  reservoir  is  overfull 
(needle  white  area). 


(4)  Stop  filling  reservoir. 


(5)  Bleed  off  excess  fluid,  by 
operating  reservoir  bleed  valve, 
until  reservoir  fluid  level  indica¬ 
tor  indicates  FULL  (needle  in 
green  area). 

j.  Turn  off  external  hydraulic 
power  from  hydraulic  system  1 
(A1-F18AC-LMM-000). 

k.  Remove  hydraulic  servicing 
unit  hand  pump  from  hydraulic 
system  1  (A1-F18AC-PCM-000). 

l.  Remove  hydraulic  compo¬ 
nents  airbleed  assembly  from 
hydraulic  system  1  reservoir  air 
bleed  valve. 


As  reservoir  overfills,  reservoir 
overflow  valve  opens  and  hydrau¬ 
lic  fluid  begins  to  flow  from  reser¬ 
voir  overboard  vent. 


As  hydraulic  fluid  supply  is  shut¬ 
off,  reservoir  overflow  valve  closes 
and  hydraulic  fluid  flow  from  res¬ 
ervoir  overboard  vent  stops. 


If  hydraulic  fluid  does  not  flow 
from  reservoir  overboard  vent 
when  reservoir  is  overfilled,  re¬ 
place  reservoir 

(A1-F18AC-450-300,  WP005  00). 

If  hydraulic  fluid  continues  to 
flow  from  reservoir  overboard 
vent,  replace  reservoir 
(Al -F18AC-450-300,  WP005  00). 
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Table  2.  Operational  Test  for  Fault  Isolation  (Continued) 


Normal  indication 


Maintenance  Action 
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Designation 


TABLE  5.  LEFT  CLA  INPUT/OUTPUT  SIGNALS  (CONT) 


Landing  Gear  Handle-UP 
BB  Door  Closed-LH 
BB  Door  Closed-RH 

BB  Door  Open  to  Stores-drop  Position  (RH) 

BB  Door  Control  Signal  -  Both  Open  and  Close 
(1 1 M  Reset  by  7MO  or  8MO) 

Common 

BB  Door  -  Emergency  Open 
BB  Door  -  Emergency  Close 
Ground  Service  Access  Door  -  Closed 
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13M 

BB  Door  -  Emergency  Open 

14M 

BB  Door  -  Emergency  Close 

17M 

Ground  Service  Access  Door  -  Closed 

35Y 

Electric  Motor  -  BB  Door  Close  Time  Delay 

(Set)  28FF  +  14M  •  tM  •  3M 

(Reset)  2  seconds  after  signal  goes  false 

37Y 

Electric  Motor  Safety  Relay  -  BB  Door  Close 

(Set)  30FF  +  14M  •  1M  •  3M 

(Reset)  2  seconds  after  signal  goes  false 

40Y 

Pulse  each  time  1M  +  3M  +  5M  goes  true 

4MO 

BB  Door  Open-Elect  (K304  Relay) 

5MO 

BB  Door  Close-Elect  (K302  Relay) 

6MO 

BB  Door  Safety  Relay  (K300  Relay) 

7MO 

BB  Door  Closed  Signal 

TABLE  6.  RIGHT  CLA  INPUTS/OUTPUTS 

Designation 

Function  | 
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Table  1.  Functional  Test  (Continued) 


Procedure 


Normal  Indication 


Remedy  for 
Abnormal  Indication 


(2)  Operate  reservoir  bleed 
valve,  in  right  main  landing  gear 
wheel  well,  to  bleed  air  from  reser¬ 
voir,  until  reservoir  fluid  level  in¬ 
dicator  indicates  reservoir  is 
FULL  (needle  in  green  area). 


1.  As  reservoir  starts  to  fill,  circuit  1.  If  shutoff  valve  indicator  does 
2B  shutoff  valve  indicator  extends  not  extend,  replace  the  reservoir 
and  HYD  2B  display  appears  on  (A1-F18AC -450-300,  WP005  00). 
DDL 


2.  As  reservoir  continues  to  fill, 
circuit  2B  shutoff  valve  indicator 
retracts,  circuit  2A  shutoff  valve 
indicator  extends,  HYD  2B  dis¬ 
play  disappears  and  HYD  2A  dis¬ 
play  appears  on  DDI. 


3.  As  reservoir  continues  to  fills, 
circuit  2A  shutoff  valve  indicator 
retracts  and  HYD  2A  display  dis¬ 
appears  from  DDL 


2.  If  the  HYD  2B  display  does 
not  appear,  do  Table  6. 

1.  If  circuit  2B  shutoff  valve  indi¬ 
cator  remain  extended  and/or  cir¬ 
cuit  2 A  shutoff  valve  indicator 
remains  retracted,  replace  reser¬ 
voir  (A1-F18AC-450-300, 

WP005  00). 

2.  If  circuit  2B  display  does  not 
disappear,  replace  circuit  2B 
pressure  switch  10S-R007B 
(A1-F18AC-450-300,  WP005  00). 

3.  If  circuit  2A  display  does  not 
appear,  do  Table  7. 

1.  If  circuit  2A  shutoff  valve  indi¬ 
cator  does  not  retract,  replace  res¬ 
ervoir  (A1-F18AC-450-300, 

WP005  00). 

2.  If  HYD  2A  display  does  not 
disappear,  replace  circuit  2A 
pressure  switch  10S-R007A 
(A1-F18AC-450-300,  WP005  00). 


CAUTION 


To  prevent  damage  to  hydraulic  reservoir,  during  overfill  operation,  do  not 
exceed  140  PSI.  If  reservoir  overboard  relief  does  not  occur  before  or  at  140 
PSI,  stop  reservoir  overfilling  operation. 


(3)  Continue  to  fill  reservoir 
until  reservoir  fluid  level  indica¬ 
tor  indicates  reservoir  is  overfull 
(needle  in  white  area). 


As  reservoir  overfills,  reservoir 
overflow  valve  opens  and  hydrau¬ 
lic  fluid  begins  to  flow  from  reser¬ 
voir  overboard  vent. 


If  hydraulic  fluid  does  not  flow 
from  reservoir  overboard  vent 
when  reservoir  is  overfilled, 
replace  reservoir 
(A1-F18AC-450-300,  WP005  00). 
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DISPLAY  SHOWN  IS  -MB 
COLUMNS  9  THRU  12 
DO  NOT  APPEAR  ON -M 
OR  -38A  DISPLAY 


Figure  2.  FLIR  Control  Display 
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HCX  TO  BINARY 
CONVERSION 

0-0000  ft.  1000 
1.0001  ft  =1001 
2.0010  A.  1010 
3.0011  B  .  1011 
4.0100  C.1100 

5.0101  0  =  1101 

«. 0110  E  «  1110 
7.0111  F  .  1111 


ii  i  mmw, 


DOt  GRAY  SCALE 

0300  0000  0000 
0000  0000  0000 
0000  0000  0000 
0000  0000  0000 


0000  00E0  00E0 
0000  0000  0000 


Figure  4.  Gray  Scale  Interpretation 
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TABLE  10.  BOMB  BAY  DOORS  DO  NOT  STOP  AT  STORES-DROP  POSITION  WHEN  OPERATED  FROM  AGP 
_ - _ _ _ TROUBLESHOOTING  PROCEDURE  (CONT) 

- 3u-?tion - - - Action  for  Yes  _ Action  for  No 


After  doors  are  closed, 
close  bomb  bay  ground 
service  access  door 
1223-1.  (If  ground  service 
access  door  is  not  securely 
closed,  flight  station 
control  is  inoperable). 

At  flight  station,  open 
bomb  bay  doors  using 
DOORS  pushbutton,  and 
observe  switchlight  from 
TRANS  to  OPEN. 

Do  bomb  bay  doors  stop 
when  OPEN  light  comes 
on? 


1b  Check  SP8  proximity 
switch  for  proper 
adjustment  (NAVAIR 
01-S3AAA-2-4.2  SWP  004 
08). 

If  SP8  proximity  switch  is 
adjusted,  verify  switch 
output  signal  and  perform 
check  of  right  CLA 
(NAVAIR01-S3AAA-2-3.il 
WP  009  00). 

If  SP8  proximity  switch  is 
not  adjusted,  adjust  switch 
(NAVAIR  01-S3AAA-2-4.2 
SWP  004  08). 


Check  SP5  proximity 
switch  for  proper 
adjustment  (NAVAIR 
01 -S3 AAA-2-4. 2  SWP  004 
08). 

If  SP5  proximity  switch  is 
adjusted,  verify  switch 
output  signal  and  perform 
check  of  left  CLA  (NAVAIR 
01 -S3 AAA-2-3.1 1  WP  008 
00). 

If  SP5  proximity  switch  is 
not  adjusted,  adjust  switch 
(NAVAIR  01-S3AAA- 2-4.2 
SWP  004  08). 


1c 


TABLE  11.  DOORS  OPEN  TO  STORES-DROP  POSITION  BUT  ACP  LIGHT  FAILS  TO  INDICATE  OPEN 
_ _ _ TROUBLESHOOTING  PROCEDURE 


_ Question _ 

la  Disconnect  P645  plug 
connector  from 
ARMAMENT  CONTROL 
panel  (ACP)  (NAVAIR 
0 1-S3AAA-2-4. 1 3  WP  010 
00). 

Ensure  CURRENT  LMTRS 
FLT  STA  1  and  CURRENT 
LIMITER  FLT  STA  1 1 
circuit  breakers  are  closed. 
Check  for  28  Vdc  between 
P645  plug  connector  pins 
82  and  4. 

28  Vdc? 


Action  for  Yes 


1  b  Replace  ACP  (NAVAIR 
01-S3AAA-2-4.13  WP  010 
00). 


_ Action  for  No _ 

1c  Open  and  tag  circuit 

breakers  listed  in  table  3. 

Open  ground  service 
access  door  1223-1  and 
install  BD31-103  Bomb 
Bay  Door  Safety  Pin. 

Disconnect  P423  plug 
connector  at  floor  level  in 
right  bomb  bay. 

Ensure  CURRENT  LMTRS  L 
LOAD  CTR  1  and  CURRENT 
LMTRS  L  LOAD  CTR  1  1 
are  closed. 
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SCRATCH  PAD  DISPLAY 


Figure  6.  Electronic  Equipment  Control 
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TABLE  1 

WEAPON  REPLACEABLE  ASSEMBLIES 

Nomenclature 

Location 

Common  Name 

Qty 

Bomb  Bay  Door  System 

Outboard  Bomb  Bay  Door 
Assembly 

Outboard  bottom  fuselage 
forward  of  MLG 

Outboard  door 

2 

Inboard  Bomb  Bay  Door 

Assembly 

Center  bottom  fuselage  forward 
of  main  landing  gear  (MLG) 

Inboard  door 

2 

Stop  Bolt 

Inboard  bomb  bay  door  edge 

Door  stop  (bolt) 

4 

Door  Linkage  Bellcrank 

Internal  bomb  bay.  forward  and 
aft  bulkhead  area 

Bellcrank 

4 

Connecting  Link 

Internal  bomb  bay 

Connecting  link 

12 

Door  Drive  System  Geared  Hinge 

Outboard  bomb  bay  door  hinge 

Geared  hinge 

8 

Door  Drive  System  Torque  Tube 
Sections 

Outboard  doors 

Torque  tube 

8 

Door  Drive  System  Tee  Drive 

Internal  bomb  bay,  forward 
outboard  door  hinge  area 

T-drive 

2 

Door  Drive  System  Rotary  Flex 
Shaft 

Internal  bomb  bay,  forward  area 

Flex  shaft 

2 

Door  Drive  System  Angle  Drive 

Internal  bomb  bay,  forward 
inboard  door  hinge  area 

Angle  drive 

2 

Power  Drive  Unit 

Bottom  fuselage  between  bomb 
bay  doors 

Power  drive  unit 
(PDU) 

1 

Torque  Limiter  Actuator 

Inboard  of  angle  drives 

Torque  limiter 
actuator 

2 

Torque  Tube 

Between  PDU  and  angle  drive 

Torque  tube 

1 

Manual  Drive  System  Torque 

Limiter  and  Locking  Plate 

Ground  control  panel 

Manual  drive 
fitting 

1 

Manual  Drive  System  Torque 

Tube 

Between  manual  drive  fitting 
and  angle  drive 

Torque  tube 

1 

Manual  Drive  System  Angle 

Drive 

Between  torque  tube  and 
manual  drive  flex  shaft 

Angle  drive 

1 

Manual  Drive  System  Rotary  Flex 
Shaft 

Between  angle  drive  and  manual 
drive  input  fitting  on  PDU 

Manual  drive 
flex  shaft 

1 

Figure  Bl.0-34  NAVAIR  01-S3AAA-2-3.2  3-00p3 
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Tkble  2.  Operational  Test  for  Fault  Isolation  (Continued) 


Step 

Procedure 

Normal  Indication 

Maintenance  Action 

1 

Apply  electrical  power  to  aircraft 
(A1-F18AC-LMM-000). 

2 

On  GND  PWR  control  panel 
assembly,  set  and  hold  1, 2,  and  3 
switches  to  B  ON  for  three  seconds 

Switches  remain  on  (latched). 

Troubleshoot  switches 
(A1-F18AC-FIM-000, 

WP012  00). 

3 

On  left  and  right  digital  display 
indicators  (LDDI  and  RDD1),  set 
power  switch  to  DAY  or  NIGHT 
and  allow  2-minute  warm-up. 

Adjust  BRT  and  CONT  controls  for 
best  display. 

LDDI  and  RDDI  have  display  and 
center  pushbutton  switch  on  bottom 
row  is  labeled  MENU  (figure  1). 

a.  No  LDDI  display,  but  RDDI 
display,  troubleshoot  bad 

LDDI. 

b.  No  RDDI  display,  but  LDDI 
display,  troubleshoot  bad 

RDDI. 

4 

On  LDDI,  press  and  release  MENU 
pushbuttons  switch  until  BIT 
pushbutton  switch  option  appears. 

LDDI  has  BIT  pushbutton  switch 
option  (figure  1). 

Check  aircraft/manual  effecti  vity 
and  perform  Displays  Test 
( A 1  -F 1 8 AC-745-200  or 

A1  -FI  8AG-745-200, 

WP004  00  or  005  00). 

Figure  Bl.0-35  A1-F18AC-744-210  3-00p4 
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Table  6.  Hydraulic  System  2B  Display  Does  Not  Appear  On  DPI  (Continued) 


Procedure 


No  Yes 


NOTE 

The  question  used  in  logic  tree  “Does  continuity  exist'  means  to  test  for  the 
items  listed  below: 

1.  Pin  to  pin  test  per  procedural  step. 

2.  Shorts  to  ground. 

3.  Shorts  between  surrounding  pins  on  connectors. 

4.  Shorts  between  shield  and  conductors. 

5.  Shield  continuity. 

a.  Do  substeps  listed  below: 

(1)  Turn  off  external  hydraulic  power  (A1-F18AC-LMM-000). 

(2)  Does  HYD  2B  display  appear  on  DDI? . 

b.  Replace  the  hydraulic  reservoir  (A1-F18AC -450-300,  WP005  00). 

c.  Do  substeps  below: 

(1)  Disconnect  connector  10P-R007B  from  Reservoir  (HS  2)  circuit  B  pressure  switch. 

(2)  Does  continuity  exist  between  pins  A  and  B  of  Reservoir  (HS  2)  circuit  B  pressure 

switch  10S-R007B? . 


d.  Replace  hydraulic  system  2B  circuit  pressure  switch  (A1-F18AC-450-300,  WP005  00). 

e.  Do  substeps  below: 

(X)  Open  doors  13L  and  14R  (A1-F18AC-LMM-010). 

(2)  Disconnect  connectors  listed  below: 

83P-E001C  from  Digital  Data  Computer  No.  1 
83P-F002C  from  Digital  Data  Computer  No.  2 

(3)  Does  continuity  exist  from: 

10P-R007B  pin  A  to  83P-E001C  pin  79 
10P-R007B  pin  B  to  83P-E001C  pin  78 
10P-R007B  pin  A  to  83P-F002C  pin  79 
10P-R007B  pin  B  to  83P-F002C  pin  78? . 


f.  Isolate  and  repair  defective  aircraft  wiring  between  connector  10P-R007B  and  connectors 
83P-E001C/83P-F002C  (Al-F18A(  )-WDM-000)  and  do  step  g. 


Figure  Bl.0-363  A1-F18AC-450-200  3-00p49 
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_ Table  8.  Hydraulic  System  Fluid  Transfer  (Continued) 


Procedure  No  Yes 


(3)  Does  hydraulic  system  1  reservoir  fluid  transfer  to  hydraulic  system  2  reservoir 

occur? .  h  e 

e.  Do  substeps  below: 


Hydraulic  fluid  is  toxic  to  skin,  eyes,  and  respiratory  tract.  Skin  and  eye 
protection  required.  Avoid  repeated  or  prolonged  contact.  Good  general 
ventilation  is  normally  enough. 

(1)  Using  a  suitable  container,  in  left  MLG  wheelwell,  open  fluid  sampling  valve 
or  reservoir  bleed  valve,  and  drain  fluid  from  hydraulic  system  1  reservoir  until 
hydraulic  system  1A  caution  appears  on  DDI. 


NOTE 

Cycle  grip  assembly  slowly,  so  that  flight  control  surfaces  go  full  travel. 

(2)  Slowly  cycle  grip  assembly  in  a  square  pattern,  stop  to  stop,  a  minumum  of  20 
times. 

(3)  Does  hydraulic  system  1  reservoir  fluid  transfer  to  hydraulic  system  2  reservoir 

occur? .  f 

f.  Left  rudder  switching  valve: 

(1)  Shut  down  left  engine  or  turn  off  external  hydraulic  power  to  hydraulic  system  1, 
as  applicable  (A1-F18AC-LMM-000). 

(2)  Remove  door  67L  (A1-F18AC-LMM-010). 


J^WARNIN^J 

Hydraulic  fluid  is  toxic  to  skin,  eyes,  and  respiratory  tract.  Skin  and  eye 
protection  required.  Avoid  repeated  or  prolonged  contact.  Good  general 
ventilation  is  normally  enough. 

(3)  Disconnect  hydraulic  system  2B  tube  assembly  from  switching  valve  return 
(RET  1)  port  (A1-F18AC-570-300,  WP027  00). 

(4)  Install  machine  plug  (AE16308-08)  on  tube  assembly. 
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Title 

Table  No. 

Bomb  Bay  Doors  Open  But  Do  Not  Close  from  APC  in  Electrical  Mode  Only 
(Hydraulic  Operation  Normal)  Troubleshooting  Procedure 

18 

4.  Wiring  data  for  the  bomb  bay  door  system 
is  provided  in  figure  2  and  NAVAIR  01  -S3 AAA-2-5.1 
SWP  003  01. 


5.  TESTING  AND  TROUBLESHOOTING. 


Support  Equipment  Required 


Part  Number 

Nomenclature 

AHT-63 

Electric  Drive 

Portable  Hydraulic 

Test  Stand  (Carrier) 

AHT-64 

Diesel  Drive  Portable 
Hydraulic  Test  Stand 
(Land) 

BC62-101 

Rigging  Pin  Kit 

BD0 1-105 

CLA  Test  Set 

BD31-103 

Bomb  Bay  Door 

Ground  Control 

Safety  Pin 

BD4  1-101 

K1  Test  Switch 

NC-2A 

Mobile  Electric 
Powerplant  (Carrier) 

NC-8A 

Mobile  Electric 
Powerplant  (Land) 

NR-5C 

Air  Conditioner 
(Carrier) 

NR-10 

Air  Conditioner 
(Land) 

1307421-101 

Bomb  Bay  Intercept 
Cable  Assembly 

6.  PRETEST  SETUP. 


WARNING 


Before  turning  on  electrical  power  and 
hydraulic  power,  ensure  that  all  electrical 
panels  are  closed  and  personnel  are  clear 
of  flight  controls  and  have  been  alerted 
that  electrical  power  and  hydraulic  power 
will  be  turned  on. 


^  CAUTION  J 

When  electrical  power  is  to  be  applied, 
the  need  to  turn  on  air  conditioning 
depends  upon  ambient  temperature  criterion 
stated  in  NAVAIR  0 1-S 3 AAA-2- 1  SWP  007 
12. 

NOTE 

To  extend  life  of  equipment,  open  all 
color  coded  circuit  breakers,  other  than 
those  required  for  specific  maintenance 
procedures,  before  applying  electrical 
power. 

a.  Connect  and  turn  on  NC-2A  or  NC-8A  Mobile 
Electric  Powerplant  (NAVAIR  0 1-S3AAA-2-1  SWP 
007  10),  as  applicable,  and  NR-5C  or  NR-10  Air 
Conditioner  (NAVAIR  01-S3AAA-2-1  SWP  007 
1 2),  as  applicable. 

b.  Connect  and  turn  on  AHT-63  Electric  Drive 
Portable  Hydraulic  Test  Stand  or  AHT-64  Diesel 
Drive  Portable  Hydraulic  Test  Stand  (NAVAIR 
01-S3AAA-2-1  SWP  007  1 1),  as  applicable. 

c.  Ensure  that  circuit  breakers  listed  in  table 
3  are  closed. 

7.  FUNCTIONAL  CHECKOUT. 

a.  Ensure  that  SWITCH  LIGHTS  control  on 
LIGHT  CONTROL  panel  on  center  console  is  set 
to  BRT. 
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Figure  1. Hydraulic  System  Fluid  Migration  (Sheet  2) 
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Table  2.  Pressure  Temperature  Test  Set  TTU-205  C/  E 
_ Control  Settings 


Control 

Setting 

POWER  switch 

OFF 

STATIC  PRESSURE  VENT 

Full  CW 

PITOT  PRESSURE  VENT 

Full  CW 

NORMAL/READ  EXT  switch 

NORMAL 

ALTITUDE  RATE  X  1000  FEET/MINUTE 

5 

ALTITUDE  HOLD/NORM  switch 

NORMAL 

ALTITUDE  X  1000  FEET 

0  SEA  LEVEL 

ALTITUDE  TRIM 

Centered 

AIRSPEED  RATE  KNOTS/MINUTE 

200 

AIRSPEED  KNOTS 

150 

AIRSPEED  TRIM 

Centered 

LEAK  TEST  A/S  switch 

OFF 

LEAK  TEST  ALT  switch 

OFF 

MACH  LIMIT  SET 

3.00 

MACH  LIMIT  switch 

NORMAL 

MODULATION  AMPLITUDE 

0 

MODULATION  FREQUENCY  HZ 

OFF 

Table  3.  Altitude  Scale  Error 
Tolerances 


Standard  Altitude 
(Feet) 

Tolerance 

(Feet) 

0  (  29.92  IN  HG) 

±40 

5000 

±50 

10000 

±90 

15000 

±110 

20000 

±140 

25000 

±165 

30000 

±195 

35000 

±215 

40000 

±240 

L  ILLUSTRATED  PARTS  BREAKDOWN.  manual  introduction  has  more  information  on  IPB 

data. 

2.  This  illustrated  parts  breakdown  has  data 
required  for  identifying  and  ordering  parts.  The 
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INDEX  NO. 

NOMENCLATURE 

REF  DES 

1 

PITOT-STATIC  PRESSURE  ADAPTER  SET  IS  MADE  UP  OF: 

2 

STATIC  HOSE  ASSEMBLY 

3 

PITOT  HOSE  ASSEMBLY 

4 

PITOT  FITTING 

5 

SECURING  NUT 

6 

PITOT  STATIC  ADAPTER 

7 

NOTCH 

8 

STATIC  FITTING 

9 

STATIC  PORT  CLUSTER 

10 

RIGHT  L  SHAPED  PITOT  STATIC  TUBE 

28HRB018 

11 

LEFT  L  SHAPED  PITOT  STATIC  TUBE 

28HRA017 

12 

TEST  SET  STATIC  HOSE 

13 

PRESSURE  TEMPERATURE  TEST  SET  TTU-205C/E 

14 

POWER  CABLE 

15 

TEST  SET  PITOT  HOSE 

16 

UTILITY  POWER  ADAPTER 

Figure  1.  Pitot  Static  System  Test  Equipment  Hookup  (Sheet  2) 
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Table  1.  Pitot  Static  System  and  Related  Instruments  Leak  and  Functional  Test 


Normal  Indication 

System  Required  Components 

All  system  components  installed. 

Related  Systems  Required 

Air  Data  Computer  System 
Electrical  System 
Flight  Control  System 
Flight  Incident  Recorder  and  Monitoring  System  - 
F/A-18C  and  F/A-18D 

Maintenance  Status  Display  and  Recording  System  - 
F/A-18A  and  F/A-18B 
Mission  Computer  System 

Support  Equipment  Required 

Part  Number  or 

Type  Designation  Nomenclature 

Pressure  Temperature  Test  Set, 
TTU-205C/E 

Pitot  Static  Pressure  Adapter  Set 
Materials  Required 
None 


NOTE 

Component  locations  are  shown  in  WP004  00. 

1.  TEST.  (QA) 

a.  Remove  pitot-static  probe 
aircraft  ground  servicing  coverB 
(A1-F18AC-PCM-000). 

b.  Make  sure  L  shaped  pitot  No  visible  obstructions.  Remove  obstructions  as  required, 

static  tubes  are  free  of  obstruc¬ 
tions. 


18910010000 
74D  51000 1-1001 


Remedy  for  Abnormal 
Indication 


Procedure 
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Table  1.  Pitot  Static  System  and  Related  Instruments  Leak  and  Functional  Test 

(Continued) 


Procedure 

Normal  Indication 

Remedy  for  Abnormal 
Indication 

ai.  On  test  set  (13),  observe  AL¬ 
TITUDE  FEET  indicator. 

Leak  rate  is  less  than  600  feet  in  1 
minute. 

On  test  set  (13),  set  ALTITUDE 

X  1000  FEET  control  to  field  ele¬ 
vation  plus  5000  feet.  Locate 
loose  or  damaged  fitting  or  dam¬ 
aged  line  in  static  system  (Al- 
F18AC-510-500,  figure  5  or  6, 
WP003  00).  After  system  is  re¬ 
paired,  set  ALTITUDE  X  1000 
FEET  control  to  40. 

a).  On  test  set  (13),  set  LEAK 
TEST  ALT  switch  to  OFF.  Allow 
approximately  1  minute  for  STA¬ 
TIC  PRESSURE  READY  light 
on  test  set  (13)  to  come  on. 

1.  LEAK  TEST  ALT  light  on  test 
set  goes  off. 

2.  STATIC  PRESSURE  READY 
light  on  test  set  comes  on. 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

ak.  On  teat  set  (13),  set  LEAK 
TEST  A/S  switch  to  ON.  Allow 
AIRSPEED  KNOTS  indicator  on 
test  set  to  stabilize  approximately 
10  seconds. 

1.  LEAK  TEST  A/S  light  on  test 
set  comes  on. 

2.  PITOT  PRESSURE  READY 
light  on  test  set  goes  off. 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

al.  On  test  Bet  (13),  observe 
AIRSPEED  KNOTS  indicator. 

Leak  rate  is  less  than  2  knots  in  1 
minute. 

Locate  loose  or  damaged  fitting  or 
damaged  line  system 
(A1-F1SAC-510-500,  figure  5  or  6, 
WP003  00). 

am.  On  test  set  (13),  set  LEAK 
TEST  A/S  switch  to  OFF.  Allow 
approximately  1  minute  for  PI¬ 
TOT  PRESSURE  READY  light 
on  test  set  to  come  on. 

1.  LEAK  TEST  A/S  light  on  test 
set  goes  off. 

2.  PITOT  PRESSURE  READY 
light  on  test  set  comes  on. 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

Make  sure  test  set  is  good 
(NAVAIR  17-15CA-37). 

an.  On  test  set  (13),  set  ALTI¬ 
TUDE  X  1000  FEET  control  to 
field  elevation  and  allow  ALTI¬ 
TUDE  FEET  indicator  to  stabi¬ 
lize. 

ao.  Observe  Vertical  Speed  In¬ 
dicator  AVU-29/A  or  Vertical 

Speed  Indicator  AAU-53/A 
pointer  (cockpit  and  rear  cockpit). 

Vertical  Speed  Indicator  AVU- 
29/ A  or  Vertical  Speed  Indicator 
AAU-53/A  pointer  indicates  0. 

Lightly  tap  Vertical  Speed  Indica¬ 
tor  AVU-29/A  or  Vertical  Speed 
Indicator  AAU-53/A.  If  pointer 
does  not  indicate  0,  replace  Verti¬ 
cal  Speed  Indicator  AVU/29/A  or 
Vertical  Speed  Indicator  AAU- 
53/ A  (A1-F18AC- 510-300,  WP004 
00). 
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Tible  2.  Memory  Inspect  87X-034  (Continued) 

004  00 

P*g«t0 

Unit  #7 
Address 

Data  Item 

SERVO  INHIBITING  CONDITIONS 

DERO  POT  ANGLE  vs  DERO  RESOLVER  FAIL 

TWIST  CAP  POT  ANGLE  vs  CALC  TWIST  CAP  ANGLE  FAIL 

■ 

TWIST  CAP  ANGLE  >  190°  FAIL 

1 

DERO  ERROR  >  20°  FOR  1  SECOND 

40057 

CRU  WRAPAROUND  FAIL  WORD 

MSB  0  *  +5  Vdc  TRACKER  POWER 

1  *  MOTOR  POWER  DISENGAGE 

2  -  PROTECTIVE  SHUTDOWN 

3  -OPERATE DISABLE 

4  -FIFO  READ  ENABLE  ” 

5  -BIT  AMP  SELECT 

6  *  FUR  POLARITY 

7  =  FUR  FOV 

Figure  Bl.0-46  A1-F18AC-744-210  4-00pl0 
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Nomenclature 

Index  No. 

Ref  Des 

1. 13 .  >  AIRCRAFT  MAINTENANCE  INDICATOR  ID-2388/ 

ASQ-194 

21A 

85A-G003 

AIR  DATA  COMPUTER  CP-1334/A 

18 

70A-F001 

AIR  DATA  SENSOR  DT-600/ASW-44(BADSA) 

22 

84A-D012 

AVERAGE  STATIC  MOISTURE  TRAP  ASSEMBLY 

40 

28VAB506 

HO  AVERAGE  STATIC  TUBE  TEE 

8 

28MPL509 

CONTROL-CONVERTER  C- 10382/ A 

17 

82A-F001 

DIGITAL  DATA  COMPUTER  NO.  1 

28 

83A-E001 

1,12  V  DIGITAL  DISPLAY  INDICATOR  ID- 2150/ ASM- 612 

21 

85A-G003 

ECS  PANEL  ASSEMBLY 

6 

52A-J078 

GND  PWR  CONTROL  PANEL  ASSEMBLY 

7 

1A-H004 

HEAD-UP  DISPLAY  UNIT 

3 

79A-J001 

QD  INDICATED  AIRSPEED  INDICATOR  AVU-30/A 

3B 

33M-J007 

QO  INDICATED  AIRSPEED  INDICATOR  AVU-35/A 

3B 

33M-J007 

LANDING  GEAR  CONTROL  UNIT 

43 

12A-D004  OH 
12A-A004  QqJ 

LEFT  CURRENT  FLOW  SENSOR 

35 

28A-B015 

LEFT  DIGITAL  DISPLAY  INDICATOR 

1 

80A-H001 

LEFT  SHAPED  PITOT  STATIC  TUBE 

30 

28HRA017 

LEFT  PITOT  MOISTURE  TRAP  ASSEMBLY 

42 

28VAA504 

LEFT  STATIC  MOISTURE  TRAP  ASSEMBLY 

41 

28VAA505 

LH  ADVISORY  AND  THREAT  WARNING 
INDICATOR  PANEL 

2 

52A-H073 

LIGHTNING  ARRESTER 

38 

28E-A013 

LIGHTNING  ARRESTER 

39 

28E-A021 

LIGHTNING  ARRESTER 

32 

28E-B014 

LIGHTNING  ARRESTER 

33 

28E-B022 

Figure  1.  Pitot  Static  System  and  Related  Instruments  Component  Locator 

(Sheet  11) 
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Nomenclature 

Index  No. 

Ref  Des 

nr>  SIGNAL  DATA  RECORDER  RO-508/ASM612 

mm 

a5A-F001 

QO  STANDBY  PRESSURE  ALTIMETER  AAU  39/A 

B 

33M-J002 

fin  STANDBY  PRESSURE  ALTIMETER  AAU-52/A 

B 

33M-J002 

STATIC  SOURCE  SELECT  VALVE 

1  I 

28VAJ502 

STATIC  TUBE  TEE 

10 

28MPJ501 

QT>  VERTICAL  SPEED  INDICATOR  AVU29/A 

5 

33M  .1008 

QO  VERTICAL  SPEED  INDICATOR  AAU-53/A 

5 

33M-J008 

AIRCRAFT  CONNECTOR  LOCATIONS  ARE  SHOWN  IN  A1-F18A(  1WRM-000. 

F/A-18B  AND  F/A-18D. 

161353  THRU  161359. 

161360  AND  UP. 

F/A-18A  161520  AND  UP;  ALSO  F/A-18A  161353  THRU  161519  AFTER  F/A-18  AFC  27;  AND 
F/A-18C. 

F/A-18B  161704  AND  UP;  AND  F/A-18D. 

F/A-18B  161354  THRU  161360. 

161520  AND  UP;  ALSO  161353  THRU  161519  AFTER  F/A-18  AFC  27. 

161353  THRU  161987  BEFORE  F/A-18  AFC  48. 

162394  AND  UP;  ALSO  161353  THRU  161987  AFTER  F/A-18  AFC  48. 

F/A-18B  161704  AND  UP;  ALSO  F/A-18B  161354  THRU  161360  AFTER  F/A-18  AFC  27;  AND 
F/A-18D. 

F/A-18A  AND  F/A-18B. 

F/A-18C  AND  F/A-18D. 


DOOR  LOCATIONS  ARE  SHOWN  IN  A1-F18AC-LMM-010. 
F/A-18B  AND  F/A-18D  163434  THRU  163778 
F/A-18D  163986  AND  UP 
161353  THRU  163782. 

163985  AND  UP. 

QO  F/A-18B  AND  F/A-18D  161354  THRU  163778. 


Figure  1.  Pitot  Static  System  and  Related  Instruments  Component  Locator 

(Sheet  13) 
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Table  1.  FUR  BIT  Matrix  87X-034 


BIT  NUMBER  (CALLED  WITH  CRAY  SCALE) 

w££m 

■ 

1 

2 _ 

3 

4 

5 

6 

; — 

31 

g 

IBITIN 

TEST** 

FURNO-OO 

iarr 

DONE** 

FUR  RAIL 

AUTOTRACK 

FUNCT 

SIGHTUNE 

FUNCT 

ENVIRON¬ 

MENTAL 

FUNCT 

■t? 

It 

am 

DEROTATION 

Kifif 

DEROTATION 

PS. 

DCJMPF 

BORESIGHT 

CNSTA 

IBSBAF 

FTTTISi 

BORESIGHT 

CNSTC 

JMBCF 

IBITIN 

TEST** 

DSBIP 

BORESIGHT 

SOURCE 

DSBSS 

0 

m 

TEMP 

SENSOR  B 
ICSTBF 

TEMP 

SENSOR C 
ICSTCF 

TEMP 

SENSOR  D 
ICITDF 

TEMP 

SENSOR  E 
ICITEF 

TEMP> 

LIMIT** 

ICSTOL 

ANGLE 

CONV  (CCM) 
PA  $  ACT 

♦5V* 

SW  BOARD 

PA  $  APS 

1 

YAW  CHAN 
PAJFYC 

INT  RATES 

EX  CD** 

PA  J1RF 

INT  VEL 
EXCD** 
PAIIVF 

"KK5T0R* 

POWER 

DiSENG** 

PA  $  MPD 

3 

+10V* 

PREAMP 

PAJP06 

-9V* 

POSTAMP 

-EJJSZ _ 

♦3V 

COMP  (1) 

PA  SPOt 

-I5V  SERVO 

_£Alf22 _ 

Can— 

4.3V 

CAMERA 

PAIP12 

♦5V  SCAN 
PASPI3 

gg 

+I5V* 

SCAN 

tAim . 

♦10V*  LED 

fAira 

♦3  V  SERVO 
PAIP24 

♦15V  SERVO 
PAIP25 

WTXTT^m 

♦50V*  INNER 

GIMBAL 

PASP27 

■5V  SERVO 
PASP2S 

6 

61105 

PAMP* 

REG  BIT  2 
PASPR2 

PAMP* 

!  REG  BIT  3 

PA  S  PR3 

PAMP* 

REG  BIT  4 
PASPR4 

PAMP* 

REG  BITS 
PASPR5 

PAMP* 

REG  BIT  6 
PAIPR6 

PAMP* 

REGBTT7 

PAIPR7 

PAMP* 

REGBITI 

PASPR8 

PAMP* 

REG  BIT  9 

PASPR9 

7 

61106 

OSWRA 

PASS20 

RDAWRA 

PA  $522 

RDM  WRA 
PASS23 

5JOHTLN 

FUNCT 

PASS24 

SC  WRA 
PASS26 

pfswra 

PASS27 

TC  WRA 

1  PA  S  S2t 

PAS  WRA 
PAJS29 

*Fl»|  S«t  IHiri  m  STANDBY;  **Sialui  only;  not  a  Ml  flag. 
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Table  1.  FLIR  BIT  Matrix  87X-034  (Continued) 


■  ■ 

BIT  NUMBER  (CALLED  WITH  GRAY  SCALE) 

sage 

a 

10 

" 

12 

13 

14 

IS 

31 

g 

BORESIGHT 

FAIL 

0 

0 

0 

0 

0 

0 

POD 

OVER¬ 

HEAT** 

si 

0 

0 

LEVEL 

ibslvt 

S£rv6  ~~ 
CNTL 

IBS  SCW 

IBITTRKR 

IB  STKF 

FOCUS 

ICSFCF 

“TO  ' 
swrrcw 

IC  S  IFF 

TSmp 

SENSOR  A 
ICSTAF 

| 

ANGULAR 
RATE  FAIL 

PAS  ARE 

BIAS* 

REG  BIT 

"BIT  STATUS 
MOB** 

PA  $  ESI 

Camera 

bit 

PASCBT 

COOLDOWN 

FAIL 

PA  $  CDF 

’5EFXULT  1  ” 

FAIL 

PA  $  OFF 

MAC 

CHAN 

PASFDC 

| 

PROC(A) 

PASMPF 

6per*  ps. 

DISABLE** 

PASOPD 

6per  ps. 

SWITCH 

PASOSM 

-15V  IRIS 

PA  SP0I 

-28  V  SERVO 

PA  $P02 

♦MV^olHTA 

GIMBAL 

PASP03 

♦15V*  SCAN 
PASP05 

♦21V*  DEAO 
BRAKE 

PA  S  PI  5 

IZIuHMi 

IS 

iznm 

♦28V  SERVO 
PASP19 

wmTwm 

+50V*  WIND¬ 
SCREEN 

PAIP21 

g 

■  e  , .  i  j  — 

-5V 

COMPUTER 

i*im _ 

♦  19V  FOCUS 
PASP33 

19V  FOCUS 
FASP34 _ 

♦I5VSB1 

PAIP35 

-I5VSB1 

PA8P38 

PROM  (A) 

FAIL 

PASPFF 

PAMP* 

REG  BJTI 
PASPRI 

g 

0 

RAM  (A) 
PASRFF 

POWER  SUP 
PLY  RIPPLE 
PAIRPF 

UNDERCOOL 

WARNING** 

PASS09 

mu 

FAN  #3 

PA  $  S 1 2 

AUTDCOL- 

LIMATOR 

PA  S  SI 3 

7 

61106 

FAN#1 

PASS30 

FAN  »2 

PA  S  S3 1 

SCANNER  " 

BIT 

PA  S  SBT 

rSTAB 

READY 

PASSFF 

SC 

INTERRUPT 

PA  $  SIF 

STOW 

PASSTF 

0 

A/D  WRAP 

PAS  WAD 

•Flag  Set  Daring  STANDBY;  ••Siatos  only,  not  ■  fal  flag. 
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52A-D024 

NO.  2  CIRCUIT  BREAKER  PANEL  ASSEMBLY 

ZONE 

REF  DES 

NOMENCLATURE 

BUS 

A17 

10CBD001 

HYD  SYS  NO.  1 

R26VAC*C 

Aid 

10CBD002 

HYD  SYS  NO.  2 

R  26VAC  t  C 

D 


1  BAC-*50-20-<1  -3)1  4-SCAN 

Figure  1.  Hydraulic  System  Component  Locator  (Sheet  3) 
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CABLE 


CABLE 


RESERVOIR  FLUID  LEVEL 
NDtCATOR  NEEDLE  POINTS 
EMPTY  MARK  WHEN  BAU 
ALIGNED  WfTHTHS  UNE 


RESERVOIR  FUUD  LEVEL 
INDICATOR  NEEDLE  IS  IN 
GREEN  AREA  (FULL)  WHEN 
BALL  IS  BETWEEN  THESE 
TWO  IMS 


CABLE 


RESEKVOIR  FLUID  LEVEL 
INDICATOR  NEEDLE  IS  IN 
WHITE  AREA  (OVERFULL) 
WHEN  BAIL  IS  ALIGNED 
WTTHTHIS  UNE 


Figure  1.  Hydraulic  System  Component  Locator  (Sheet  4) 
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Table  2.  Memory  Inspect  87X-034  (Continued) 

Unit  #7 

Unit  #7 

Address 

Data  Item 

Address 

Data  Item 

POWER  SUPPLY  FAILS 

POWER  SUPPLY  FAILS 

41040 

1.  -15  V  IRIS 

41057 

16.  +5  V  COMPUTER  (3) 

41041 

2.  -28  V  SERVO 

41060 

17.  -6  V  TRACKER 

41042 

3.  +50  V  OUTER  GIMBAL 

41061 

18.  +15  V  IRIS 

41043 

4.  +5  V  COMPUTER  (2) 

41062 

19.  +28  V  SERVO 

41044 

5.  -15  V  SCAN 

41063 

20.  -5  V  SCAN 

4104$ 

6.  +10  V  PREAMP 

41064 

21.  +50  V  WINDSCREEN 

41046 

7  -9  V  POSTAMP 

41065 

22.  +15  V  SCAN 

-  H 

8  +5  V  COMPUTER  (1) 

41066 

23.  +10  V  LED 

9.  -15  V  SERVO 

41067 

24.  +5  V  SERVO 

10.  +50  V  ROLL 

41070 

25.  +15  V  SERVO 

11.  +50VDERO  i 

41071 

26.  +28  V  STANDBY  SWITCH 

12.  -8.5  V  CAMERA 

41072 

27.  +50  V  INNER  GIMBAL 

13.  +5  V  SCAN 

41073 

28.  -5  V  SERVO 

14.  +10  V  POST  AMP 

41074 

29.  +8.5  V  CAMERA 

41056 

15.  +28  V  DEROTATION  BRAKE 

Figure  Bl.0-54  A1-F18AC-744-210  4-00p7 
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Table  Z  Memory  Inspect  87X-034  (Continued) 

Unit  #7 

Unit  #7 

Address 

Data  Item 

Address 

Data  Item 

POWER  SUPPLY  FAILS 

FAIL/STATUS  FLAGS 

41100 

+40  V  CAMERA 

40020 

RECEIVER  STOWED 

41101 

(NOT  USED) 

40021 

DEROTATION  FAIL 

41102 

-5  V  COMPUTER 

40022 

MOTOR  POWER  FAIL 

41103 

+19  V  FOCUS 

40043 

SERVO  CONTROLLER  FAIL 

41104 

-19  V  FOCUS 

40050 

BORESIGHT  SOURCE  FAIL 

41105 

+15  V  SBI 

40051 

TRACKER  FAIL 

41)06 

-15  V  SBI 

40565 

EPROM  *A"  FAIL 

FAIL/STATUS  FLAGS 

40567 

PITCH  CHANNEL  FAIL 

40570 

ROLL  CHANNEL  FAIL 

40000 

FUR  COOLDOWN  COMPLETE 

40571 

YAW  CHANNEL  FAIL 

40001 

BORESIGHT  ENABLE 

40572 

DEROTATION  FAIL 

40002 

SC  TRANSMIT  FAIL 

40574 

CCM  FAIL 

40003 

CP  TRANSMIT  FAIL 

40541 

MAM  RAM  FAIL 

40004 

FIFO  FAIL 

40006 

FOV  FAIL 

40673 

PROCESSOR  “A”  FAIL 

40007 

FOV  INHIBIT 

40010 

FOCUS  FAIL 

40726 

MUX  “A"  FAIL 

40011 

TEMPERATURE  OUT  OF  LIMIT 

Figure  Bl.0-55  A1-F18AC-744-210  4-00p8 
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Nomenclature 

Index 

No. 

Ref 

Des 

AIRCRAFT  CONTROLLER  GRIP  ASSEMBLY 

10 

52A-J501 

CASE  DRAIN  FILTER  (HSl) 

15 

10U-P513 

CASE  DRAIN  FILTER  (HS2) 

10U-R514 

FCS  CONTROL  PANEL  C-10406/ASW-44  RESET  SWITCH 

7 

84A-H003 

FLUID  LEVEL  INDICATOR  AND  FLEXIBLE  CABLE  (HSl)  i 

17 

10M-P010 

FLUID  LEVEL  INDICATOR  AND  FLEXIBLE  CABLE  (HS2) 

10M-P011 

GROUND  POWER  CONTROL  PANEL  ASSEMBLY 

4  SWITCH 

8 

1A-H004 

1S-H051 

FILTER  UNIT  (HSl) 

13 

10U-P507 

FILTER  UNIT  (HS2) 

10U-R508 

FUEL  SYSTEM  CONTROL  PANEL 

PROBE  CONTROL  SWITCH 

6 

5A-H027 

5S-H005 

HEAD-UP  DISPLAY  UNIT  AN/AVQ-28 

9 

79A-J001 

f  I  ►  HORIZONTAL  INDICATOR  IP-1350/A 

3 

80A-J003 

HYDRAULIC  PRESSURE  INDICATOR  AGU-15/A  (FRONT) 

19 

10M-J005 

HYDRAULIC  PRESSURE  INDICATOR  AGU-15/A  (REAR) 

10M-L018 

HYDRAULIC  PRESSURE  TRANSMITTER  (HSl) 

16 

10HPP003 

HYDRAULIC  PRESSURE  TRANSMITTER  (HS2) 

10HPR004 

f~T>  LEFT  DIGITAL  DISPLAY  INDICATOR  IP-1317( )  (DDI) 

1 

80A-H001 

LH  VERTICAL  CONSOLE  CONTROL  PANEL  ASSEMBLY 
FLAP  SWITCH 

4 

52A-H077 

84S-H039 

NO.  2  CIRCUIT  BREAKER  PANEL  ASSEMBLY 

11 

52A-D024 

QUADRANT  ASSEMBLY-POWER  CONTROL  SPEED  BRAKE 
SWITCH 

5 

52A-H088 

18S-H002 

Figure  1.  Hydraulic  System  Component  Locator  (Sheet  8) 
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NAVAIR  01- S3  AAA-2-3.2 


FLIR 

ROTARY 

ACTUATOR 


FLIR  / 

PI 43  PLUG  RETRACTED^ 

CONNECTOR  <SP16>  PROXIMITY 
\  SWITCH 


FLIR 

SHAFT 

COUPLING 

ASSEMBLY' 


FLIR 

CHAIN  DRIVE 
BRACKET  PIN  <21 


004  01 

Page  6 

^  PRESSURE  OECK 


BJ04-101 

FLIR 

II  ADAPTER 
ACABLE 


GROUND  V 

- - MAINTENANCE \ 

I  '  \  /SWITCH  j 


FLIR  DOOR- 
CLOSED 
( SP46 ) 
PROXIMITY 
SWITCH 


FLIR  EXTENDED 
(SP15)  PROXIMITY 
SWITCH 


DETAIL  @ 

FUR  DOOR  LATCH  RELEASE 
l BOTTOM  VIEW) 


■WN 


0.: 


V/  FLIR  DOOR- 
OPEN 

,  VISP45)  j 
PROXIMITY// 
\v  SWITCH 


FLIR  DOOR 
(REF) 


DETAIL  (D) 


VIEWER  AND 
DOOR  DRIVE 


BB43-101 
ADAPTER  CABLE 
BREAKOUT  BOX 


FLIR  ACCESS 
DOOR  (REF) 


S3A2-3.21 2)04011 2) 


Figure  1.  Infrared  Viewer  and  Door  Cable  Drive  System  Controls  and  Components  Location  Diagram 

(Sheet  2) 


Figure  Bl.0-57  NAVAIR  01-S3AAA-2-3.2  4-01p6 


B  -54 


NAVAIR  01 -S3 AAA-2-3.2 


004  02 

Page  6 


B  -  55 


NAVAIR  0 1 -S3AA A-2-3.2 


004  02 

Page  9 


TABLE  4.  L  CLA  INPUT/OUTPUT  SIGNALS  (CONT) 


Pin  Identification 

P464 

P378 

L  CLA  Inputs 

BB43-101  Adapter  Cable 
Breakout  Box  Test  Point 

73 

U 

32M  -  Torque  limiter,  shaft  A,  CCW  - 
SP48 

J19 

74 

T 

33M  -  Torque  limiter,  shaft  B,  CW  -  SP49 

J20 

75 

S 

34M  -  Torque  limiter,  shaft  B,  CCW  - 
SP50 

J21 

68 

39M  -  Turrent  in  position  for  retraction 

69 

40M  -  FLIR  control  signat-extend 

70 

41M  -  FLIR  emergency  retract  switch  - 
retract 

71 

42M  -  FLIR  control  signal  -  retract 

17GO  -  Weight  not  on  both  main  landing 
gear 

P444 

P228 

L  CLA  Outputs 

50 

65 

1 1MO  *  FLIR  extend  verify 

optical  isolation 

52 

66 

12MO  -  FLIR  retract  verify 

optical  isolation 

P444 

P768 

54 

54 

16MO  -  FLIR  rotary  actuator  energized 
(CW  for  T7WR5) 

55 

55 

17MO  -  FLIR  rotary  actuator  energized 

CCW 

58 

58 

22MO  -  Control,  shaft  B.  CW  (lower  FLIR) 

59 

59 

23MO  -  Control,  shaft  B,  CCW  (raise  FLIR) 

Figure  B  1.0-59  NAVAIR  01 -S3  A  A  A-2-3.2  4-02p9 
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Table  3.  R  PITOT  HT  Caution  Light  ON  and  Code  835  Appears  on  Digital  Display 

Indicator  (Continued) 


No  Yes 


(1)  Turn  off  electrical  power  (A1-F18AC-LMM-000). 

(2)  Open  door  10R  (A1-F18AC-LMM-010). 

(3)  Disconnect  52P-D024C  from  no.  2  circuit  breaker  panel  assembly. 

Does  continuity  exist  between  52P-D024C  pin  D  and  52P-F058A  pin  A? .  d 

n.  Do  the  sub  steps  below: 

(1)  Turn  off  electrical  power  (A1-F18AC-LMM-000). 

(2)  Disconnect  52P-F058B  from  no.  2  relay  panel  assembly. 

(3)  Tum  on  electrical  power  (A1-F18AC-LMM-000). 

(4)  On  ECS  panel  assembly,  set  ANTI  ICE  PITOT  switch  to  ON. 

Does  28vdc  exist  at  f~l  ►  52P-F058B  pin  l.f  2  ►  52P-F058C  pin  71? .  o 

o.  Do  the  substeps  below: 

(1)  Tum  off  electrical  power  (A1-F18AC-LMM-000). 

(2)  QZ>  Open  door  10R  (A1-F18AC-LMM-010). 

(3)  fl  >  Open  door  6  (A1-F18AC-LMM-010). 

(4)  Disconnect  l~  1  ►  12P-D004A,  12  1  12P-A004A  from  landing  gear  control  unit. 

Does  continuity  exist  from: 

I  1  ►  52P-F058B  pin  l.RT^  62P-F058C  pin  71  to 

II  ►  12P-D004A.I2  ►  12P-A004A  pin  102? .  p 


1  pin  1,|_ 

,fT> 


p.  Isolate  defective  wiring  between  52P-F058B  pin  1  and  I  1  ►  12P-D004A.  I~2  i 

12P-A004A  pin  102  (A1-F18A(  )-WDM-000)  and  do  step  t . 


q.  Tum  off  electrical  power  (A1-F18AC-LMM-000).  Replace  relay  28K-F010  or  12K-F015 
or  isolate  between  no.  2  relay  panel  assembly  wiring  and  28K-F010,  12K-F015  relays  (Al- 
F18AC-420-300,  WP032  00)  and  do  step  t . . . 


r.  Replace  landing  gear  control  unit  (A1-F18AC- 130-300,  WP003  00)  and  do  step  t.. 


s.  Repair  no.  2  circuit  breaker  panel  assembly  (Al*Fl8AC*420-300,  WP024  00)  and  do 

step  t . 

t.  If  disconnected,  interchanged,  removed,  or  opened  during  this  procedure,  make  sure  the 
items  listed  below  are  properly  reconnected,  installed,  or  closed: 
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Tib k  4.  De  rotation  Fall  (Continued) 

Procedure 

Using  unit  address  07,  memory  inspect  the  following  addresses  to  determine  which 
Derotation  Fail  data  codes  are  set. 

These  words  are  true  if  the  memory  inspect  response  -38  Pods  -38A  Pods 

is  a  non-zero  value  (000001  or  I7T777).  87X-034  89X-035 

91X+038 

Word  Description  Address  Address 

DCSFF1  (Dero  Pot  Angle  vs  Dero  Resolver  Angle)  40032  54032  ..... 

DCJFF2  (Twistcap  Pot  Angle  vs  Calculated  Twistcap  Angle)  40033  54033  ..... 

DCSFF3  (Twistcap  Angle  >190  Decrees)  40034  54034 . 

DCSFF4  (Dero  Error  >20  Degrees  for  1  second  or  more)  40035  54035  .... 

For  -38B  pods  these  are  bits  located  in  one  memory  inspect  word.  This  is  Msg  17/Wd  3. 
The  memory  inspect  address  for  this  word  is  165636004.  These  bits  are  true  if  set  to  1. 

BIT  No. 

2  DCSFFl  (Derotation  Misalignment) . 

4  DCSFF2  (Twistcap  Misalignment) . 

5  DCSFF3  (TWistcap  Overlimit) . 

8  DCSFF4  (Denotation  Lag) . 


007  00 

Pag*  25 


No  Yes 


2 

12 

24 

31 


2 

12 

24 

31 
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Table  6.  Cooldown  Fall  (Continued) 

Step 

Procedure 

No 

Yes 

4 

Memory  Inspect  Unit  7  for  the  following  addresses: 

Software  Addresses  Msg  /  Word  /  Bit 

Value 

87X-034  and  61102  18/3/3 

0 . 

.  7 

5 

89X-035, 91X+038  61102  18  /  3  /  2 

0 . 

.  7 

5 

09X-A1I  165636104  18  /  3  /  2 

0 . 

.  7 

5 

(Checking  status  of  the  “Head  Disable”  bit  (PASHDS).  1= 

Head  Disabled) 

5 

Memory  Inspect  Unit  7  for  the  following  addresses: 

Software  Addresses  Msc/  Word  /  Bit 

87X-034  61111  18  /10  /0 

89X-035. 91X+038  61111  18  /  10  /0 

Value 

1  . 

.  9 

6 

1  . 

.  9 

6 

09X-A1I  165636122  18  /10  /0 

1  . 

.  9 

6 

(Checking  status  of  the  “Sub  Ready”  bit  (Gyro  Spin-up  Complete), 
l=Sub  Ready.  Stab  Ready  is  normally  set  to  1  within  30  seconds  of  Pod 

power  up  except  in  extremely  cold  environments.) 
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Table  I.  Interchangeability  Matrix  (Continued) 


008  00 

Pago  3 


WRA 

Part  No.  (PodConfig.) 

|  Interchangeable  with 

- 38 

-38A 

-38B 

OS  Group 

242382/242547  (-38) 

. 

-38  Capability 

-38  Capability 

260256/260488  (-38A)' 

Yes’ 

- 

-38 A  Capability 

260580/260581  (-38B)’ 

Yes1 

-38A  Capability 

- 

PAS 

242576  (-38) 

. 

-38  Capability 

-38  Capability 

260256.  260256-2  (-3*A)> 

-38  Capability 

- 

•38A  Capability 

260583  (-38B y 

-38  Capability 

-38A  Capability 

- 

PFS 

242547  (-38) 

. 

No 

No 

260488/260344  (-38A) 

No 

- 

-38A  Capability 

260581  (-38B) 

No 

•38A  Capability 

* 

NOTES:  1  LTRor 

surrogate  must  be  installed. 

2  A  -2  CP  must  be  installed. 

*  LPS  or  surrogate  must  be  installed. 
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ORGANIZATIONAL  MAINTENANCE 
TESTING  AND  TROUBLESHOOTING 


ALPHABETICAL  INDEX 


001  00 
Page  1 


FORWARD  LOOKING  INFRARED  SYSTEM 
AN/AAS-3S,  AN/AAS-38A,  AND  AN/AAS-38B 


Title  WP  No. 

BIT  Fault  Troubleshooting  Table . 007  00 

BIT  Matrix  (87X-034) . 004  00 

BIT  Matrix  (89X-035  and  91X+038) . :  005  00 

BIT  Matrix  (09X-A1!) . 006  00 

Boresight  Fail  Troubleshooting  Table . 007  00 

Caution  Summary .  002  00 

Cooldown  Fail  Troubleshooting  Table . 007  00 

Derotation  Fail  Troubleshooting  Table . 007  00 

Door  Fail  Troubleshooting  Table . 007  00 

Field  of  View  Fail  Troubleshooting  Table . 007  00 

FLIR  Operational  Test . 003  00 


TUk  WP  No. 

FLIRMMP  Codes . 003  00 

Gray  Scale  Interpretation . 003  00 

Head  Fail  Troubleshooting  Table . 007  00 

Initial  Testing  and  Troubleshooting  Guidelines....  003  00 

Interchangeability  Matrix .  008  00 

Introduction . 002  00 

Maintenance  Monitor  Panel  (MMP)  Codes .  003  00 

Materials  Required . 002  00 

Memory  Inspect  Data  (87X-034) .  004  00 

Memory  Inspect  Data  (89X-035  and  91X+038) ...  005  00 

Memory  Inspect  Data  (09X-AII) . 006  00 
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